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Recent molecular phylogenetic studies have revealed that Collembola diversity 
estimates based on morphological characters have been greatly underestimated. High levels of 
DNA sequence divergence among congeneric species suggest that circumscription of species 
based solely on traditional morphological and color pattern characters provide a very 
conservative estimate of actual species diversity.  Many described species in the genera 
Orchesella, Isotomurus and Lepidocyrtus have been shown to comprise complexes of several 
morphologically cryptic species diagnosable by color pattern. 
The genus Entomobrya includes many species marked by distinct, often complex, and 
variable color patterns, but to date, no one has explored the possible presence of cryptic species 
using DNA sequencing within this group.  In order to evaluate the association between color 
pattern and molecular variation and test the hypothesis that color forms within Entomobrya 
morphospecies represent distinct species, a phylogenetic analysis of the complete 
cytochrome oxidase I gene (COI) was performed for 11 species of North American 
Entomobrya, including 13 color forms representing 4 morphospecies with different levels of 
color pattern variation: Entomobrya assuta, E. clitellaria, E. ligata, and E. quadrilineata.  
The analysis reveals genetic divergences as high as 18.5% between different color 
forms of the same morphospecies, equivalent to distances exhibited between species 
differentiated by morphology. However, genetic divergence did not always correlate with 
color pattern variation, leading to the conclusion that the diagnostic utility of color pattern is 
species dependent and requires evaluation individually for each species. Following an 
integrative framework for species delimitation based on explicit species criteria developed 
for this study, 3 morphologically cryptic lineages, each diagnosable by color pattern, are 
identified and supported by evidence obtained from phylogeny, genetic distances, geographic 
distribution, and color pattern.  
The chaetotaxy of 15 species of Eastern North American Entomobrya is redescribed 
in order to determine potential characters for the diagnosis of the new cryptic lineages and 
evaluate the diagnostic and phylogenetic utility of chaetotaxy.  As a result, 4 new species are 
described, and new diagnoses are provided for E. assuta, E. atrocincta, E. decemfasciata, E. 
quadrilineata, E. ligata and E. multifasciata. Furthermore, previously undocumented levels 
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of intraspecific variation in macrosetal pattern are reported, tempering the exclusive use of 
chaetotaxy for species delimitation.  Phylogenetic relationships, estimated using both 
morphological and molecular data, indicate that Entomobrya is likely paraphyletic.  The 
phylogenies also suggest that unreliable character homology, likely fostered by 
Entomobrya’s profusion of macrosetae, may limit the phylogenetic utility of chaetotaxy in 


















































To my parents 
who have always provided their 
unconditional and loving support 
















First, and foremost, I would like to thank my advisor, Felipe Soto-Adames, whose 
knowledge and enthusiasm has been a constant motivation. He has eagerly supported the 
entirety of this project, and without his patience and ceaseless guidance, this thesis would 
have not been possible. I also express my deepest appreciation to Rosanna Giordano. She is 
an excellent teacher and her generosity and expertise were vital in obtaining quality 
molecular data. I owe my utmost thanks to Rick Weinzierl, who for the last four years has 
provided me with support, guidance, and job opportunities, and without him, my education at 
the University of Illinois would never have transpired. 
I would also like to thank my Committee Members, Jim Whitfield and Jonathan 
Marcot for their valuable feedback and advice regarding the direction and focus of this 
project. Special thanks to Kenneth Christiansen who not only provided me with his exquisite 
collection of springtail literature, but whose work is also the foundation of my research. I am 
grateful to Jonathan Marcot, Sindhu Krishnankutty, and Therese Catanach for programming 
help in MRBAYES, BEAST, R, and other statistical software, Scott Robinson for training 
me in scanning electron microscopy, and Massimo Pessino and Kaley Major for their help 
and support with many molecular aspects of this project.  I thank Chris Dietrich, R. Edward 
Dewalt, Steve Taylor, Ernest Bernard, and Jose Marcelino, for providing valuable 
Entomobrya specimens examined throughout this project.  I also thank Benjamin Hottel, who 
drove me from Illinois to Florida, stopping to collect specimens many times along the way, 
and Juraj Cech for assisting me with field collections during a three day excursion throughout 
Florida.  
Special thanks to Monique DuBray for proofreading, assisting me on many collection 
trips, and providing me with emotional support that helped during stressful times throughout 
the course of this project.  
Lastly, this project was made possible by the generous financial support provided by 
the Herbert H. Ross Memorial Fund, a Society of Systematic Biologists (SSB) Graduate 
Student Research Award, the School of Integrated Biology Enhancement Fund and NSF 
grant 0956255 to Felipe Soto-Adames. The collection of additional material was supported 
by the E.D.E.N. Azorean Habitats - Environmental Defense of Endangered Native Azorean 
v 
 
Habitats, financed by The Luso-American Foundation and the Fundo Regional Ciencia e 
Tecnologia, Azores, PT to José Marcelino, and USDAFS grant, Southern Illinois cave 
























TABLE OF CONTENTS 
 
GENERAL INTRODUCTION .............................................................................................. viii 
CHAPTER 1: AN INTEGRATIVE APPROACH TO SPECIES DELIMITATION:     
COLOR PATTERN AND GENETIC VARIATION PROVIDE EVIDENCE FOR  






Tables and Figures .......................................................................................................31 
CHAPTER 2: TAXONOMY AND SPECIES DELIMITATION OF EASTERN NORTH 
AMERICAN ENTOMOBRYA: AN EVALUATION OF THE DIAGNOSTIC UTILITY     







APPENDIX A: MOLECULAR COI ALIGNMENT ............................................................142 
APPENDIX B: MORPHOLOGICAL CHARACTER MATRIX .........................................165 








Collembola, commonly referred to as springtails, are the most abundant hexapods on 
earth, occupying nearly all terrestrial ecosystems and habitats (Hopkin 1997). They also 
serve an important role in detrital decomposition, food webs, and soil structure (Rusek 1998).  
Despite their ubiquitous importance, springtails are highly undervalued as models for 
ecological and evolutionary research. Possible reasons for this neglect are the absence of 
simplified methods to identify species, scarcity of phylogenetic backbones against which to 
test hypotheses, and the lack of a clear sense of the diversity of most genera. The 8,000+ 
currently described species (Bellinger et al. 1996-2013; www.collembola.org) most likely 
represent a small fraction of the true diversity of the group, which has been estimated at more 
than 50,000 extant species (Hopkin 1997).  Local rather than global sampling efforts (Rusek 
1998), the wide range of microhabitats springtails occupy, and the lack of scientific priority 
and capable taxonomists (Deharveng 2004) are factors that slow the production of new species 
descriptions. The relatively few taxonomically relevant morphological characters also often 
make species identification difficult. Currently, chaetotaxic (i.e., the arrangement and 
morphology of setae) and other morphological characters are the primary sources of 
information used for species identification. However, in some groups, these characters show 
substantial variation and uncertain homology, making their utility for diagnosis and 
phylogenetic inferences unreliable.   
Entomobrya, a diverse genus of Collembola (Entomobryidae), with approximately 
250 described species worldwide, has been plagued by issues concerning species delimitation 
and diagnosis. Little is known about the ecology of this group, but they can generally be 
found living within leaf-litter, under bark, and on vegetation feeding on various bacteria and 
fungi.  Species of Entomobrya are generally characterized by their conspicuous dorsal color 
patterns and an abundance of dorsal macrosetae. However, high levels of presumed intra- and 
interspecific variation of these traits have been the primary source of taxonomic confusion 
regarding this group in the literature.  Recent advances in DNA analysis and phylogenetic 
studies offer new ways of addressing springtail species delimitation problems (Birky et al. 
2011).  
This thesis will incorporate modern molecular techniques, in combination with a 
comprehensive morphological analysis and redescription, to evaluate variation within and 
viii 
 
among the Entomobrya of North America East of the Mississippi River. Chapter One addresses 
issues concerning traditional species delimitation based on morphological characters in 
Entomobrya by integrating COI sequences, comparative morphology analysis and 
distributional data in an attempt to delineate species boundaries and identify morphologically 
cryptic species diagnosable based on color pattern.  The second chapter combines the results of 
the molecular analysis with a detailed morphological redescription in an attempt to standardize 
chaetotaxic nomenclature, provide simpler and more reliable methods for species diagnosis, 


















 CHAPTER 1 
 
An Integrative Approach to Species Delimitation: Color pattern and genetic variation 




Traditionally, color pattern was one of the most important characters used to diagnose 
springtail species.  However, recent studies associating chaetotaxy and color pattern showed 
discordance between these two character systems and as a result, several authors have 
questioned the validity of color pattern as a diagnostic tool (Christiansen & Bellinger 1998, 
Jordana & Baquero 2005, Zhang et al. 2007). Other authors have noticed that although 
differences in color patterns do not always identify distinct species, at least in some genera 
color may prove to be as useful as other morphological characters for differentiating species 
(Yoshii 1989, Bernard et al. 2007).  Thus, in the absence of other morphological characters, 
color pattern, combined with genetic markers, can be an excellent indicator of cryptic 
species. This was clearly demonstrated by Soto-Adames (2002) who presented molecular 
(COI) evidence for 8 cryptic species of Lepidocyrtus diagnosable by color pattern, providing 
support for the “color pattern species” concept originally proposed by Yoshii (1989). Studies 
by Carapelli et al. (1995) and Frati et al. (1995) found a combination of color pattern and 
genetic markers (allozyme, mt-DNA; COI, COII) to be sufficient characters for separating 
otherwise morphologically cryptic species of European Isotomurus and Orchesella (Frati et 
al. 1994, 2000). Using isozyme markers, Simonsen et al. (1999) was also able to confirm 
species status for three Isotoma viridis color forms and associate them with different 
ecotypes.  In addition, a phylogenetic analysis of Pogonognathellus using nDNA provided 
evidence for the separation of some cryptic species based on scale patterns and cuticle color 
(Felderhoff et al. 2010). 
The genus Entomobrya (Entomobryidae) also includes many species marked by 
distinct, often complex and variable, color patterns.  Given this diversity of color forms, 
chaetotaxy is currently the primary tool for species diagnosis for this group.  However, based 
on the studies mentioned above, the intraspecific (often allopatric) color pattern variation in 
Entomobrya suggests the presence of morphologically cryptic species, but to date, no one has 
explored this possibility using DNA sequencing. During the first half of the 20th century, 
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species diagnosis in Entomobrya relied heavily on color pattern (Bonet 1934), and Maynard 
(1951) described many color varieties from the eastern United States. However, Christian’s 
1958 revision of North American Entomobrya, which incorporated claw structure, antennal 
sense organs, setal types and chaetotaxy of the male genital plate, synonymized many of 
these color forms. After Christiansen (1958), color pattern was given a secondary role in 
species diagnosis, partly due to confusion in the taxonomic literature caused by presumed 
occurrences of intra- and interpopulation color pattern variation (South 1961, Christiansen 
1958), and the morphological structures described by Christiansen (1958) became the 
primary characters for species identification. The development of a more “stable” set of 
characters had to await the publication of Szeptycki’s (1979) detailed analysis of the 
chaetotaxy of Entomobryidae. Christiansen & Bellinger (1980, 1998) then combined 
chaetotaxy with other morphological characters and color patterns to delimit the currently 
accepted boundaries for North American species. They reported many allopatric populations 
of North American Entomobrya exhibiting different color varieties. For example, E. assuta, a 
common, widely distributed species, has 7 reported color pattern varieties, many of which are 
allopatric and described from a single locality. In fact, 10 of the 16 species reported east of 
the Mississippi River have more than 2 reported color forms. Granted, many types of 
polymorphism phenomena have been observed in other groups of Collembola; some species 
of Entomobrya are known to be sexually dimorphic (Ramel et al. 2008), and many other 
forms of phenotypic variation within populations have been reported (Greenslade and 
Potapov 2012), but much of the described color pattern variation within this genus is 
geographically distributed (Christiansen & Bellinger 1998). 
Considering the implications of the aforementioned molecular studies, the extensive 
variation in color pattern likely reflects large levels of genetic divergences among allopatric 
populations of presumably conspecific Entomobrya; an indication that color forms may 
represent cryptic species and that the diversity of the group may be greatly underestimated.  
Christiansen & Bellinger (1998) even suggested that some of their descriptions would need 
to be reevaluated in light of more data due to these variable color forms. Furthermore, 
intraspecific chaetotaxic variation (outlined in Chapter 2) has either been previously 
disregarded or overlooked in Entomobrya. This is cause for concern considering the 
importance of chaetotaxy for the diagnosis and delimitation of species within this group. 
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Molecular data may be essential in order to reveal the extent that both color pattern and 
chaetotaxic variation have on Entomobrya species diagnosis and delimitation.   
Given the above uncertainties, the main objectives of this study were to compare 
levels of congruence between color pattern and phylogeny based on the cytochrome oxidase I 
(COI) mitochondrial gene to determine species and population-level phylogenetic 
relationships, assess sequence divergences between color forms and populations, and to 
characterize the molecular diversity of a subset of Eastern North American Entomobrya in 
order to evaluate the general hypothesis that allopatric color forms within Entomobrya 




In order to compare color pattern and molecular variation, four species of North 
American Entomobrya were chosen for this study; E. assuta, E. clitellaria, E. ligata, and E. 
quadrilineata.  All four species are endemic to North America, presumably allowing 
sufficient time for divergence. These species were purposefully chosen based on the number 
of color forms, unrelated to sexual dimorphism, documented in The Collembola of North 
America (Christiansen & Bellinger 1998).  They are also relatively common and easy to 
collect from multiple localities (See Figure 1.1).  For this study, I intended to include all 
color forms reported by Christiansen and Bellinger (1998). Unfortunately, I was unable to 
collect all of the reported patterns, but many additional, undescribed color forms were found 
and included in the analysis. Color forms within each species group are morphologically 
similar and differ substantially only in color pattern.   
Color forms were distinguished by the presence or absence of dorsal pigmentation. 
However, in some species (E. assuta and E. quadrilineata), continuous variation between 
some color forms made assignments difficult and relatively subjective.  A total of 13 
different color forms were collected for molecular analysis: E. assuta with four color forms: 
A) light thoracic pigment with 3 pale spots on Abd. 3 and Abd. 4.; B) dark thoracic pigment 
with 2 pale spots on Abd. 3 and Abd. 4.; C) 2 dark transverse bands across the metathorax 
(Th. 3) and Abd. 3.; and D) the only undescribed E. assuta color form collected, always 
without dark pigment on the thorax and a transverse band occurring medially across Abd. 4.  
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Entomobrya clitellaria with two color forms, both previously reported: A) dark pigment on 
Abd. 4 is absent or patchy; and B) dark pigment covers the entire Abd. 4. Entomobrya ligata 
with 3 color forms: A) an undescribed color form characterized by the absence of a dark band 
along the posterior margin of the mesothorax (Th. 2); B) currently the only recognized color 
form for this species characterized by the presence of a dark band along the posterior margin 
of the mesothorax (Th. 2); and C) an undescribed color form with small rectangular patches 
of pigment along the posterior margins of the mesothorax (Th. 2), Abd. 1, and Abd. 2. 
Entomobrya quadrilineata has four color forms: A) a recognized color form, with 2 parallel 
longitudinal stripes extending from the mesothorax (Th. 2) to Abd. 3 and 3 angled bands 
along both lateral margins of Abd. 4; B) a recognized color form, all thoracic pigment and 
stripes are absent, with 3 angled bands along both lateral margins of Abd. 4; C) an 
undescribed color form, with dark thoracic pigment present, thoracic stripes absent, and with 
3 angled bands along both lateral margins of Abd. 4; and D) variable thoracic pigment 
(absent, or light blue), thoracic stripes absent, with only 2 angled bands along both lateral 
margins of Abd. 4. See Figure 1.2 for pictures of reported and new color forms collected for 
this study. 
Eighty-five specimens (11 Entomobrya morphospecies and 5 outgroup species) were 
either collected from leaf litter and extracted using a berlese funnel or hand collected from 
bark and vegetation, using an aspirator, from 34 different sampling sites during 2011 and 
2012.  All Entomobrya color forms and additional taxa collected for molecular analysis, 
along with their respective locality information, are presented in Table 1.1.  COI sequences 
for outgroups species Seira downlingi and Pseudosinella violenta were obtained from Felipe 
Soto-Adames (personal communication).   
Individuals were sorted to morphospecies under a dissecting microscope and 
representative individuals from each locality were photographed to record dorsal thoracic and 
abdominal color patterns. Representative photographed specimens of all color forms from 
each locality were slide mounted in order to confirm species identification based on 
morphological characters described in Collembola of North America (Christiansen and 
Bellinger 1998); others, preserved in 95% EtOH and stored at -20°C, were retained for the 
mtDNA analysis.  Two individuals for each subset of color forms for each morphospecies 
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population were included in the molecular analysis.  However, for some localities, only a 
single individual was sequenced due to limited available material.   
 Historical specimens deposited in the INHS collection are not suitable for DNA 
sequence analysis due to their methods of preservation.  Specimens stored in 70% EtOH at 
room temperature for an extended period of time (>1 month) experience significant DNA 
degradation, making efficient PCR amplification and sequencing extremely difficult (personal 
communication with F. Soto-Adames).  Additionally, this type of preservation alters pigment 
coloration and renders the musculature opaque, obscuring the chaetotaxy and color pattern 
needed for species diagnosis. Long-term preservation of chaetotaxy, pigmentation, and DNA 
can be best achieved by storing specimens at -80°C in 95% EtOH. 
 
DNA extraction, gene amplification, and sequencing 
Due to their small size (1.5 – 3.5mm), whole bodied specimens were pulverized and 
used for DNA extraction. DNA was extracted using the QIAamp® DNA Micro Kit, Cat. No. 
50304 (Qiagen Inc., Valencia, CA) and stored at 4°C.  DNA extraction followed the 
manufacturer’s protocol with the following modifications: 1) an overnight 56°C water bath 
incubation period after the addition of ATL buffer with proteinase-K, 2) after the addition of 
EtOH, the samples were stored at 4°C overnight in order to maximize DNA precipitation, 3) 
the use of Promega Wizard® SV Minicolumns, Part #A129B (Promega Corporation, 
Madison, WI) instead of the Qiagen kit columns and 4) 25-28 µL of AE buffer was used for 
the final elution step depending on size of specimen.   
DNA was amplified using illustra™ PuReTaq™ Ready-To-Go™ PCR beads, Cat. 
No. 27-9554-01 (GE Healthcare, Buckinghamshire, UK).  The PCR reactions had a total 
volume of 25 µL: 21 µL of  H2O, 1 µL of 10 µM forward and reverse primers, and 2µL of 
genomic DNA.  PCR thermocycler settings were as follows: 2 minutes at 95°C, then 40 
cycles of 95°C for 30 seconds, 50-53°C (depending on primer TM) for 30 seconds, and 72°C 
for 2 minutes. To determine if target amplification occurred, electrophoresis (90V, 400mA 
for 35 minutes) was performed using a 1% agarose gel electrophoresis with GelGreen™ 
(Biotium Inc., Hayward, CA) nucleic acid stain. Observation of clean, single bands indicated 
successful amplification and the PCR product was then cleaned using the QIAquick® PCR 
Purification Kit Cat. No. 28106 (Qiagen Inc., Valencia, CA) following a modified 
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manufacture’s protocol using the Promega Wizard® SV Minicolumns, Part #A129B 
(Promega Corporation, Madison, WI) and 22-28µL of buffer for final elution step depending 
on strength of band.  If multiple bands were observed, PCR was repeated and the reaction 
products were then combined for electrophoresis (90V, 400mA for 35 minutes) on a 1% 
agarose gel.  The target band was gel excised and cleaned using the Zymoclean™ Gel DNA 
Recovery Kit (Zymo Research Corporation, Irvine, CA) following a modified manufacturers 
protocol, with Zymo Spin™ I columns Cat. No. C1003-50 (Zymo Research Corporation, 
Irvine, CA) and 10 µL of H2O for the final elution step.   
PCR product DNA concentration was measured using a NanoDrop® ND-1000 
spectrophotometer (Thermo Scientific, Wilmington, DE) in order to determine the amount of 
DNA used for the sequence reaction (5ng of DNA per 100 bp of sequenced product). DNA 
concentrations for gel cleaned PCR products were not measured and 2 µL of DNA and 13.6 
µL of H2O were always used for these sequence reactions.  The DNA sequencing reactions 
comprised a total volume of 21µL: 1.6 µL of 2 µM primer, 3 µL of Big Dye v3.1 (Applied 
Biosystems, Foster City, CA), 1 µL of DMSO, and 15.4 µL of PCR product and H2O (actual 
amounts depend on DNA concentration and cleaning method for PCR product).  
Thermocycler settings for the sequence reaction were as follows: 5 minutes at 95°C, then 30 
cycles of 98°C for 10 seconds, 50°C for 5 seconds, and 6°C for 4 minutes.  Sequence 
reaction products were then cleaned using Performa© ultra 96-well column plates lot 
#160081 (EdgeBio Systems, Gaithersburg, MD) and centrifuged for 5 minutes at 2250 rpm.  
Final, cleaned sequences were read at the W. M. Keck Center (University of Illinois at 
Urban-Champaign, Urbana, IL) using a 3730xl DNA analyzer (Life Technologies 
Corporation, Carlsbad, CA). 
 
Gene choice 
The mitochondrial cytochrome c oxidase I (COI) gene has become one of the most 
frequently used molecular markers for ecological and evolutionary studies to assess species 
level variation and relationships in Collembola (Hogg and Hebert 2004) and other arthropods 
(da Silva et al. 2011). The efficacy of COI sequence data to provide species-level 
phylogenetic signal has kindled an increased interest in its species “barcoding” region 
(Hebert et al. 2003), confirmed by the 2000+ entries of COI sequences for Collembola alone 
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in the NCBI Genbank® database (Benson et al. 2011). However, most of these entries are 
limited to the COI barcoding region (~650bp) and in order to maximize the number of 
phylogenetically informative characters, the full COI gene was sequenced and analyzed for 
this study. Furthermore, sequences obtained for this study will provide valuable data for 
further comparative assessments of species boundaries. This study not only provides the first 
complete high quality COI sequences for Entomobrya, Homidia, and Willowsia species, but 
will also add to the very short list of complete Collembola COI sequences (Cook et al. 2005, 
Carapelli et al. 2007, 2008, Nardi et al. 2001, Torricelli 2009). 
 
Primer development 
The entire 1539bp COI gene, rather than the shorter ~650bp barcoding region, was 
used in order to maximize phylogenetic resolution.  Although amplification and sequencing 
of the 3’ region was successful using universal primers developed by Simon et al. (1994), 
novel primers designed for tRNA flanking regions were required in order to successfully 
amplify and sequence the 5’ end of the COI gene.  
Following Soto-Adames’ (2002) successful amplification of the 3’ COI region in 
Pseudosinella and Lepidocyrtus, forward internal primer C1-J-2195 (Simon et al. 1994) and 
reverse primers TL2-N-3014 (Simon et al. 1994, including 3 additional modified TL2-N-
3014 primers; A, B, and C) and Fly 10A (Joy and Conn, 2001) were first tested on E. 
atrocincta. Combinations of C1-J-2195 and TL2-N-3014 or TL2-N-3014A amplified and 
were used to sequence the 3’ COI region for all specimens used in this study. Internal 5’ 
reverse primers were designed for conserved regions using the obtained 3’ COI alignments.  
After testing several primers, the 5’ region was eventually amplified in E. atrocincta using 
TRNA-1F-D, a degenerate primer developed for amphipods (Major 2012). With the 
sequence obtained using the primer above, more specific forward primers were designed for 
the tRNA region upstream of COI.  Universal primers were not identified for the 5’ region 
due to high levels of variation in the tRNA region, requiring the development of external and 
internal primers specific to each species (and sometimes specific to color forms). Complete 
sequences for all individuals were obtained by amplifying 2 fragments (5’ and 3’) at the 5’ 
and 3’ ends using internal primers, and allowing for significant overlap and sequence 
coverage in both directions. If amplification was unsuccessful, additional primers were 
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designed by comparing conserved regions in alignments of completed sequences. A list of all 
the primers used in this study and the species/color form they successfully amplified is 
shown in Table 1.2 and 1.3. Additionally, Table 1.4 summarizes the optimal primer 
combinations for successful amplification of each species/color form. 
 
Molecular analysis 
Raw sequence data were compiled using Sequencher v5.0 (Gene Codes Corporation, 
Ann Arbor, MI) and complete COI sequences were aligned manually to published 
Collembola mtDNA genomes (Cook et al. 2005, Carapelli et al. 2007, 2008, Nardi et al. 
2001, Torricelli 2009) in jEdit 5.0pre1 programmer’s text editor (www.jedit.org).  Nucleotide 
sequences were translated in MacClade v4.05 (Maddison and Maddison 2000) to confirm the 
absence of stop codons and errors. The start codon ATT was observed in most specimens. 
However, non-canonical start codons ATA and ATC were present in many individuals. 
Complete COI sequences (1539bp) for 88 individuals were included in the 
phylogenetic analysis (See Appendix A for complete COI alignment). However, for Homidia 
socia, the first 33 bases were not included in the analysis due to the unsuccessful 
amplification using tRNA primers upstream of COI.  Instead, the barcoding primer LCO1490 
(Folmer et al. 1994) was used to amplify the 5’ region for this species.  Additionally, both 
copies of COI (complete bi-directional sequences) obtained for each of the two heteroplasmic 
Entomobrya n. sp. 2 individuals and copy B for one E. nivalis individual, were also included 
in the phylogenetic analysis as separate OTU (labeled copy A or B) in order to assess 
distances and phylogenetic relationships between both COI copies in a single individual. 
The Bayesian phylogenetic analysis was conducted using MRBAYES v3.2.1 
(Ronquist et al. 2012) with the appropriate model of sequence evolution (TIM2+I+G), 
selected by jModeltest 0.1.1 (Posada, 2008). Based on the Akaike Information Criterion 
(Akaike 1973), the following best fit model parameters were implemented:  freqA = 0.3383, 
freqC = 0.1718, freqG = 0.0827, freqT = 0.4072, R(a) [AC] =  0.6109, R(b) [AG] =  7.4295, 
R(c) [AT] =  0.6109, R(d) [CG] =  1.0000, R(e) [CT] =  6.4079, R(f) [GT] =  1.0000, p-inv = 
0.4830, gamma shape = 0.5550, nst = 6.  Four independent runs, starting from random trees, 
were each conducted with four Markov chains (2 cold, 2 hot), for 25,000,000 generations, 
sampling every 1000th generation. All other parameters were left as default values. 
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Convergence was assessed by observation of average standard deviation of split frequencies 
values below p < 0.003. A 25% burn-in was used and all posterior probabilities and 
consensus trees were computed in MRBAYES. An additional analysis, excluding all 3rd 
codon positions, was performed in order to assess 3rd codon saturation and its effects on 
species-level relationships. All Bayes runs were conducted using the CIPRES Science 
Gateway (Miller et al. 2010). 
Uncorrected pairwise distances between all taxa were calculated in PAUP* v4.0b10 
(Swofford 2003) using the complete COI dataset.  Uncorrected distances rather than 
corrected distances were used in this analysis to make cross-study comparisons. Distances 
were compiled, sorted, and graphed in Microsoft Excel.  
 
Species criteria 
Speciation is a continuous process that affects traits at different temporal scales (de 
Queiroz 2007).  Thus, species delimitation is fraught with the uncertainty of trying to place 
‘objective’ demarcations along a continuous process.  This ambiguity has created diverse 
range of species concepts in order to accommodate the various types of data utilized for 
different fields of study. However, the majority of modern biological and evolutionary 
lineage-based species concepts can be categorized by the operational criteria employed to 
define species boundaries (De Queiroz 2007, Naomi 2011).  All operational criteria require 
populations or lineages to meet a minimum number of concordant conditions or ‘biological 
properties’ in order to be properly inferred as distinct species. Therefore, it is critical to 
assess the available data that are relevant to the appropriate species concept in order to 
formulate operational hypotheses to interpret species boundaries (Sites and Crandall 1997).   
This study provides four sources of information; a highly supported phylogeny, 
genetic distances, color patterns, and geographic data, all of which can be used to infer 
contingent biological properties for species, such as genetic isolation, monophyly, and 
diagnosability.  Thus, for the purpose of this study, lineages of Entomobrya will be 
considered as distinct species if they form monophyletic clades, derived from the 
phylogenetic analysis of COI, that are reciprocally diagnosable from other such groups by 
color pattern and/or morphology (i.e. – the monophyletic groups must exclusively contain 
and encompass all lineages of the same morphospecies).  Additionally, clades must also 
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exhibit restricted gene flow (biological species concept, cohesion concept; Templeton 1989) 
by satisfying all of the following COI uncorrected distance criteria:  
1) Populations differing in color pattern only must exhibit COI distances higher than 
the lowest reported interspecific distances (>8%) (Hogg and Hebert 2004). 
2) Populations differing in color pattern only must exhibit COI distances equivalent 
to or higher than COI distances between sister species differentiated by 
chaetotaxy. If morphological characters are conservative indicators of genetic 
variation in Collembola (Soto-Adames 2002) then genetic distances between 
color forms of the same morphospecies should be less than distances between 
morphologically differentiated species. 
3) Allopatric populations differing in color pattern only must exhibit COI distances 
higher than COI distances between allopatric populations of the same color form. 
Assuming all allopatric populations have similar geographical limits to gene flow, 
inter-population distances between the same color form should be equivalent to 
distances between different color forms.  If allopatric populations of different 
color forms have higher genetic distances, then we can infer that isolation by 
distance may not be the only factor limiting gene flow. 
4) COI distances between morphospecies found in sympatry differing only in color 
pattern must be larger than intra-population distances of the same color form. 
This condition provides strong support for cohesion species (Templeton 1989). 
High COI distances between sympatric color forms indicate a lack of recent gene 
flow, thus confirming the absence of genetic exchangeability between color forms 
despite sympatry. 
Some color form lineages may meet all required conditions, but due to high levels of 
variation in color pattern and chaetotaxy, discrete and stable characters can be difficult to 
identify with confidence, thus species diagnosis may be uncertain in the absence of molecular 
data. Considering the inadequacies of pure DNA taxonomy (Lee 2004, Moritz and Cicero 
2004, Rubinoff et al. 2006), the integrative approach to species delimitation applied in this 
study is intended to be a conservative approach to species delimitation, by combining 
molecular data with lineage diagnosability provided by color pattern.  Therefore, lineages 
will only be recognized as distinct species if they are 1) monophyletic, and 2) genetically 
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isolated from sister lineages, as inferred from genetic distances, and 3) diagnosable by 
morphology and/or color pattern.  For the purpose of this study, a population will be defined 
as the collection site (county) considering most collection sites are separated by dozens if not 




The Bayesian analysis of the complete COI gene (1539 bp) from 85 specimens (Table 
1.1) resulted in a single, highly supported consensus tree (Figure 1.4). With Pseudosinella 
violenta as the outgroup, the genera Homidia and Seira are not contained within Entomobrya, 
but Willowsia and Entomobryoides are retained among the ingroups; a clear indication that, 
as currently defined, Entomobrya is a paraphyletic group (posterior-probability, pp = 0.97).  
The 78 Entomobrya sequences formed five distinct clades (pp=1.00); one clade comprised all 
E. nivalis, E. intermedia, E. multifasciata, and E. atrocincta sequences and four clades each 
containing the four test species; 1) a monophyletic assuta clade containing all E. assuta color 
forms; 2) a monophyletic clitellaria clade comprising all E. clitellaria color forms along with 
sequences for an additional undescribed Entomobrya species (E. n. sp. 2); 3) a paraphyletic 
ligata clade composed of all E. ligata color forms also including an undescribed species of 
Entomobrya (E. n. sp. 1), differentiated by color pattern and chaetotaxy; and 4) a 
paraphyletic quadrilineata clade composed of all E. quadrilineata morphospecies and 
sequences for E. bicolor, a species differentiated by color pattern and chaetotaxy. Each of 
these clades had posterior probabilities of 100, indicating very strong support for monophyly.   
Within the E. ligata clade, color forms A, B, and C each segregate into exclusive 
monophyletic groups, concordant with color pattern.  Color form B of E. ligata, collected 
only from Chester Co. Pennsylvania, is highly divergent from the other color forms.  In fact, 
color forms A and C appear to be more closely related to E. n. sp. 1 than to color form B. A 
similar trend is observed within the E. quadrilineata clade; color forms A, B, C, D all form 
monophyletic groups concordant with color pattern, but color forms B, C, and D group 
together and are highly divergent from color form A.  Color form A is more closely related to 
E. bicolor than the other color forms (B, C, and D).   Alternatively, sequences for E. 
clitellaria and E. assuta (except color form D) do not form exclusive clades and color 
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patterns were mixed within their clades irrespective to collection locality.  Sequences for E. 
assuta color form D, collected from Citrus Co., Florida, form a sister group to E. assuta color 
forms A, B, and C.  
A Bayesian analysis based on the same COI dataset, but with the exclusion of all 3rd 
codon positions, produced a phylogeny with the same general topology (Figure 1.5). Some 
resolution was lost at the population level and posterior probabilities dropped for some 
groups, but all 5 clades were still maintained; an indication that the possible saturation of 
substitutions on 3rd codon position does not have a significant effect on species-level 
inferences. 
 
COI sequence variation 
Uncorrected pairwise comparisons of 77 individuals of Entomobrya sp. yielded an 
average intra-population distance of 1.65%, an average inter-population distance of 3.63%, 
and an average inter-specific distance is 17.83% for all Entomobrya sp. included in this 
study. A wide-range of distances were observed for comparisons between color forms 
belonging to the four test species; 0 -18.84%  (See Table 1.6 and Figure 1.6 for P-distance 
summaries). Four distinct clades were identified, each containing all color forms for each 
morphospecies examined.   
 
assuta clade 
Entomobrya assuta color forms A, B, and C, do not form exclusive groups 
diagnosable by color pattern or collection locality (Figure 1.4). These color forms were 
collected in sympatry and allopatry from 8 localities (Figure 1.1) and are mixed within their 
clade. Six E. assuta specimens from FL, AL and four IL localities, all share a single, unique 
haplotype. Average inter-population sequence divergence (uncorrected pairwise distances) 
between allopatric populations of the same color form is 1.64% between allopatric color form 
A populations and 2.07% between allopatric color form B populations (Table 1.6). Similar 
low values are observed for distances between color forms; comparisons between A, B, and 
C have an average divergence of 2.13% (Table 1.6). However, sequences for color form D 
are grouped in an exclusive clade and exhibit relatively high average sequence divergence 
(15.57%) from the other color forms. The divergence in COI between form D and other color 
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forms of E. assuta is nearly as large as the divergence between E. assuta and its sister species 
E. clitellaria (17.23%, Table 1.6). The large distances observed between E. assuta color form 
D and color forms A, B, and C clearly demonstrate a lack of gene flow; an indication that 
color form D is a distinct species (Figure 1.6). 
 
clitellaria clade 
Individuals identified as E. clitellaria form a monophyletic group in the COI tree, but 
color forms A and B do not form exclusive clades diagnosable by color pattern or collection 
locality (Figure 1.4).  Therefore, color pattern is not concordant with the phylogeny. Both 
color forms were found in allopatry and sympatry and were collected from 7 localities, 6 
from IL and 1 from FL (Figure 1.1). Genetic distances between these color forms are 
relatively low and are equivalent to distances between allopatric populations of the same 
color form (approx. 4%) (Figure 1.6). This suggests that gene flow is likely maintained 
between these color forms.  Entomobrya n. sp. 2, a species distinguished by color pattern and 
chaetotaxy, is sister to the clitellaria clade, with an average inter-specific distance of 14.1% 
to E. clitellaria, much higher than distances between E. clitellaria color forms. 
 
ligata clade 
Entomobrya ligata color forms A, B, and C each form exclusive monophyletic groups 
concordant with color pattern (Figure 1.4). Color forms B and C were both collected from 
single localities in PA and KY respectively, while the previously unreported color form A 
was collected in three general localities in NC, TN, and GA (Figure 1.1).  Average distances 
between the three allopatric color forms range between 7.72% and 11.94%, which is higher 
than the distances between allopatric populations of the same color form; 3.8% average 
divergence between the NC, TN, and GA populations for color form A (Table 1.6).  
Entomobrya n. sp. 1, an undescribed species, distinguished by color pattern and chaetotaxy, 
falls within this clade, grouping closely with color forms A and C (pp=1.00), rendering the E. 
ligata clade paraphyletic. However, regardless of relationship, this species is 9.18% 
divergent from other lineages within this clade, even less than inter-color form distances (A-
B = 11.94% and B-C = 11.53%), suggesting that color form B is genetically isolated from A 
and C and may be a separate species.  However, distances between color form A and C are 
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relatively low (Avg. = 7.72%) and thus, recent gene flow between these two color forms 
cannot be ruled out. 
 
quadrilineata clade 
Entomobrya quadrilineata color forms A, B, C, and D each form exclusive 
monophyletic groups concordant with color pattern (Figure 1.4).  Allopatric color forms B, 
C, and D group together, but still show relatively large divergences, between 7.89% and 
10.19%, which is higher than inter-population distances displayed between allopatric 
populations of color form A (3.2%) (Figure 1.6). Color form A is highly divergent from the 
other forms with an average distance of 18.19%; this is the highest average distance between 
color forms observed in this study. Furthermore, specimens displaying color patterns A and 
B were collected in sympatry and exhibited 18.84% sequence divergence.  This is clear 
evidence that color form A is genetically isolated from other color forms; an obvious case of 
restricted gene flow.  Entomobrya bicolor, a species distinguished by color pattern and 
chaetotaxy, falls within the E. quadrilineata clade, as sister group to color form A.  Average 
inter-specific sequence divergence between E. bicolor and all E. quadrilineata 
morphospecies is 16.01%, lower than distances observed between color form A and color 
forms B, C, and D (18.19%); a clear indication that color form A is likely to be a separate 
species. However, comparisons between color forms B, C, and D yielded lower distances 
(7.89-10.19%) and are not equivalent to distances between sister species (E. 




COI heteroplasmy was observed in 4 individuals of E. nivalis (one specimen only), E. 
clitellaria (one specimen only), and both sequenced individuals of E. n. sp. 2. Clean, high-
quality bidirectional sequences that displayed mismatched base-pairs indicated the possibility 
of the individual possessing at least two mitochondrial genomes. Internal primers were 
designed specifically to each copy (Table 1.5) Successful amplification of two different 
sequences confirmed site heteroplasmy only in Entomobrya n. sp. 2, although partial 
sequence amplification strongly suggests that heteroplasmy also occurs in E. clitellaria and 
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E. nivalis (Figure 1.3).  All sequences were translated to amino acids and checked for stop 
codons to rule out the presence of nuclear copies of mitochondrial genes (NUMTS).  
Complete sequences representing both heteroplasmic COI copies (A & B) for E. n. sp. 2 and 
one copy (B) for E. nivalis were included in the phylogenetic analysis to determine their 
effects on the phylogeny.  They did not have a significant effect on species relationships, but 
it is worth noting that relatively high divergences were observed between different copies 
within the same individual (Avg. p-distance = 5.46%) and between the same copies in 
different individuals (Avg. p-distance = 4.22%).  The phylogeny resolved all 4 sequences as 
a monophyletic group.  Heteroplasmic copies were submitted to a BLAST search and were 
most similar to COI sequences reported for other springtail species, and considering the 
extreme specificity of primers used in this study, contamination is highly unlikely. The two 
E. nivalis specimens (heteroplasmy was detected in one individual) were highly divergent 
(Avg. P = 11.83%). 
 
Results summary 
The resulting Bayesian phylogeny (Figure 1.4) and molecular COI distances (Figure 
1.6) provide conditional support for the hypothesis that allopatric color forms represent 
distinct species.  Of the 13 color forms examined (Figure 1.2), seven meet the operational 
species criteria outlined for this study (Table 1.7).  These seven lineages are monophyletic, 
diagnosable by color pattern, and genetically isolated from other color forms of the same 
morphospecies.  All lineages of E. assuta color form D (1) form a monophyletic group 
diagnosable by color pattern and are highly divergent (P = 15.57%) from E. assuta color 
forms A, B, and C (2).  Entomobrya clitellaria color forms A and B do not segregate into 
monophyletic clades diagnosable by color pattern, instead they form a single mixed clade (3).  
All individuals of E. ligata color form B (4) form a monophyletic group diagnosable by color 
pattern and were highly divergent (P=11.74%) from E. ligata color forms A and C (5). 
Furthermore, all lineages of E. quadrilineata color form A (6) form a monophyletic group 
diagnosable by color pattern, with an average distance of 18.19% to color forms B, C, and D 
(7) (see Figure 1.6).  
Four lineages representing E. quadrilineata color forms B, C, and D, and E. ligata 
color form C form monophyletic groups diagnosable by color pattern, but exhibit slightly 
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lower distances (<8%) between other color forms and/or distances between color forms are 
not equivalent to distances between sister species differentiated by chaetotaxy.  Additionally, 
variation in color form and under-sampling may limit the confidence of diagnosis and the 
ability to detect existing variability respectively in these lineages. Therefore, these lineages 
cannot be diagnosed with certainty without molecular data.   
These results indicate the presence of three previously undescribed cryptic lineages; 
1) E. assuta color form D, 2) E. ligata color forms A and C, 3) E. quadrilineata color forms 
B, C, and D and according to the species criteria used in this study, each of these lineages 
represents a new candidate species (Table 1.7). 
 
DISCUSSION 
Phylogenetic relationships within Entomobryini 
The result of the phylogenetic analysis of 11 species of North American Entomobrya 
in addition to 6 species representing 3 closely related genera (Homidia, Willowsia, and 
Entomobryoides) and 2 outgroup species (Pseudosinella violenta and Seira dowlingi), 
generated a highly supported phylogeny of the North American Entomobryini and Willowsia.  
Several interesting findings were observed concerning relationships among some currently 
recognized Entomobrya species.  E. nivalis, E. intermedia, E. multifasciata, and E. atrocincta 
were resolved as a monophyletic clade; all are closely related but distinct separate species 
with an average genetic distance of 14.44% (ranging between 12.41% - 15.53%).  
Overlapping intraspecific variation in color pattern and chaetotaxy has caused many to 
consider these species synonymous (See Christiansen 1958 for revision history).  This study 
has, for the first time, provided substantial molecular evidence for their separation. It is also 
worth noting that these were the only species included in the analysis with cosmopolitan 
distributions, all commonly reported throughout North America and Europe. Therefore, their 
monophyly and separation from species endemic to North America may indicate a common 
origin in Europe. This is important considering that the true distribution of E. atrocincta 
remains unclear due to conflicting taxonomic treatments (Jordana 2012 and see remarks for 
E. atrocincta in Chapter 2).  
The resulting phylogeny also raises some questions regarding the generic 
relationships within the tribe Entomobryini (containing the genera Entomobrya, 
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Entomobryoides, and Homidia) and Willowsia, a closely related genus. Research concerning 
the systematics of these groups is limited, and most phylogenetic studies have focused on 
suprageneric relationships by utilizing morphology, allozymes, and/or ribosomal markers 
that provided limited resolution and support of generic relationships (D’Haese 2002, Lee et 
al. 1995, Lee and Park 1991, Xiong et al. 2008).  To my knowledge, this study provides the 
first molecular assessment of species and generic-level relationships within Entomobryini 
and Willowsia.  
 Entomobryoides and Willowsia are placed within the Entomobrya clade, supporting 
the paraphyly of Entomobrya. This is not entirely unexpected considering the means by 
which these genera are differentiated. The genus Entomobrya is considered the most 
morphologically generalized group of Entomobryidae without distinct apomorphies while 
morphologically similar species with autapomorphic characters are separated into different 
genera; Willowsia with scales, Entomobryoides with differentiated “smooth” setae along the 
tibiotarsus, and Homidia with dental spines. In light of the relationships inferred from the 
phylogeny, the classification of Entomobrya, along with some other genera within 
Entomobryidae, may need to be reevaluated in the future. 
Furthermore, results indicate that the genus Willowsia may be polyphyletic.  A new 
Willowsia species (W. n. sp. 1) collected in Citrus Co., Florida, forms a closer relationship to 
Entomobryoides dissimilis (a species native to North America) than to the other two 
Willowsia species; W. buski and W. nigromaculata.  Considering their world-wide 
distribution, presumably spread by humans, and their similarity to Asian species (Zhang et al. 
2011), W. buski and W. nigromaculata most likely originated from Asia. However, W. n. sp. 
1 shares characteristics (i.e. scale type; see Zhang et al. 2011) with W. mexicana, the only 
other Willowsia species known to be endemic to North America (Zhang et al. 2007). W. n. 
sp.1’s close genetic relationship to E. dissimilis and its morphological similarity to W. 
mexicana may support an independent origin of New World Willowsia. Further exploration 
by utilizing additional markers and more complete taxon-sampling among closely related 






Evidence for “color pattern species” in Entomobrya 
The advent of affordable DNA sequencing technology has provided scientists with 
additional tools for discriminating species boundaries between organisms with homogenous 
morphology.  As a result, research concerning the discovery of cryptic diversity has 
increased exponentially (Bickford et al. 2006).  Most studies employ a conservative approach 
to cryptic species delimitation by using a combination of data (i.e. DNA, ecology, geography, 
morphology) for operational species criteria application (Arribas et al. 2012, Weigand et al. 
2013) rather than relying exclusively on molecular data. The exclusive use of genetic 
distances or inferences based on a single gene for determining species boundaries and 
phylogenetic relationships have been widely criticized (Lee 2004, Will and Rubinoff 2006, 
Moritz and Cicero 2004).  mtDNA introgression, hybridization, and rarely, mtDNA lineage 
sorting can cause incongruence between gene trees and species trees (Funk and Omland 
2003), but usually manifest as a problem when discerning whether a population is 
conspecific and have rarely been documented in Collembola (Burkhardt and Filser 2005). 
Most importantly, these methods do not provide practical diagnostic characters for lineage 
identification and rely exclusively on existing taxonomy (Will and Rubinoff 2004).  
Therefore, in line with traditional morphological taxonomy, corroborating data, supporting 
not only the separation of lineages, but also their diagnosis, is the preferred approach among 
contemporary integrative taxonomists. 
In the present study, lineage separation and genetic isolation was assessed by 
integrating multiple sources of data (phylogeny, distances, and diagnosability based on 
comparative morphology) and results were applied to explicit operational criteria providing a 
conservative framework for species delimitation. Congruence between phylogeny and color 
pattern along with additional evidence attained from COI distance data strongly supported 
the discrimination of  three candidate species among the analyzed morphospecies E. assuta, 
E. ligata, and E. quadrilineata.  Within these three lineages, color pattern is sufficient for 
diagnosis and the separation of these species, corroborating other investigations supporting 
the validity of  “color pattern species” (Frati et al. 1994, 1995, 2000, Carapelli et al. 1995, 
Simonsen et al. 1999, Soto-Adames 2002).  
This study not only supports the hypothesis that cryptic species do exist within 
traditionally described Entomobrya morphospecies, but also reveals that color pattern 
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variation does not always correlate with the molecular diversification of COI; thus, color 
pattern is not always a consistent measure of cryptic diversity in this group.  None of the 
color forms within the clitellaria clade and color forms A, B, and C within the assuta clade 
form monophyletic groups, and instead were mixed within their clades irrespective to 
geography, with low divergences equivalent to those between populations of the same color 
forms. This suggests that these populations are not genetically isolated and exhibit gene flow 
across large geographical distances. A single haplotype shared by E. assuta specimens 
collected from FL, AL, and IL, suggests that this may be a relatively new species or that it 
has long range dispersal capabilities, whether by wind or human transport (Hopkin 1997), in 
order to maintain gene flow. On the other hand, E. quadrilineata color forms A and B were 
both collected in sympatry, but are highly divergent (18.5%).  This is clear evidence of 
reproductive isolation and also confirms that species indistinguishable by chaetotaxy can 
occur together.  This is important considering that springtail species populations are usually 
identified by the diagnosis of a single or few representative specimens.  
The large genetic distances observed among some presumably conspecific 
Entomobrya populations were not entirely unexpected. Scientists have long recognized high 
amounts of genetic diversification among Collembola species at the population level, with 
equivalent distances only observed at the species level or higher in other hexapod groups 
(Deharveng 2004, Soto-Adames 2002).  Considering the importance genetic variation has 
within the realm of species delimitation and taxonomy, the mechanisms that produces these 
exceptional distances in springtails need to be understood.  If these patterns of COI 
divergence are indicative of an increased rate of molecular evolution, then species-
relationships inferred exclusively from molecular data may be suspect. Mitochondrial genes 
are known to have different rates of evolution among different lineages (Crozier et al. 1989). 
However, recent studies suggest this diversifying trend may be the result of the isolative and 
locally persistent nature of springtail demography (Garrick et al. 2007, 2008, Cicconardi et 
al. 2010, Timmermans et al. 2005). Compared to other hexapods, springtails may experience 
a higher frequency of population fragmentation;  low-mobility, high population densities, 
micro-environmental boundaries, and local adaptations to extreme conditions, are all factors 
that may increase the probability of populations becoming isolated and surviving without 
subsequent gene flow (Emerson et al. 2011) creating many small genetically differentiated 
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subpopulations instead of single large populations.  Genetic drift could play a large role in 
the genetic diversification of these isolated populations due to a reduction in effective 
population size, while environmental pressures may maintain morphological stasis. Traits 
regulating sexual recognition in other hexapods, such as chemical and auditory mating 
signals (Maingon et al. 2003, Henry 1994), may also contribute to cryptic diversification in 
some springtail groups. 
Genetic distance thresholds, based on the COI barcoding region, proposed by Hebert 
et al. (2003) have been commonly applied to delineate species boundaries across many 
different taxa (Lefébure et al. 2006, da Silva et al. 2011, Hajibabaei et al. 2006, Hebert et al. 
2004) including springtails (Hogg and Hebert 2004).  This approach assumes that the rate of 
evolution and ages of species within a clade are uniform, therefore COI distance thresholds 
are presumed relatively constant within a given taxonomic group (Monaghan et al. 2009). 
For example, Hogg and Hebert (2004) proposed an 8% threshold rule for all Collembola 
species based on a small data set (19 species) and on the limited research available for 
comparison (Carapelli et al. 1995, Frati et al. 2000, Stevens and Hogg 2003).  However, 
significance of genus rank across different orders or families may bias the observed 
differences in sequence divergences among congeneric species (Frati et al. 2000) making a 
universal threshold ineffective for delimiting species boundaries.  Therefore, the present 
study utilized multiple distance criteria specific to Entomobrya, rather than a single 
threshold, in order to make conservative inferences regarding levels of genetic isolation.  
Furthermore, levels of genetic divergence observed in this study between sibling species 
differentiated by chaetotaxy varied tremendously; distances between E. n. sp. 1 and E. ligata 
are as low as 7.54%, while distances between E. bicolor and E. quadrilineata approach 
17.54%.  This is a 10% difference between sibling species occurring within the same genus. 
There is obviously no clear, absolute range of molecular variation for species boundaries, and 
using an exclusive COI distance threshold criterion is not appropriate for species delimitation 
within this group. 
 
Heteroplasmy 
COI site heteroplasmy was observed in 4 individuals representing 3 species; E. 
nivalis, E. clitellaria, and E. n. sp. 2, but considering the rarity of reports concerning this 
20 
 
phenomena, its effects on the phylogeny are unclear. However, a meticulous study by 
Vollmer et al. (2011) investigating heteroplasmy in marine mammals reported that 
heteroplasmy had no effect on the cetacean phylogeny topology. Mitochondrial heteroplasmy 
is now considered to be more common than previously thought (Kmiec et al. 2006), but has 
only been reported in a few other hexapod species: length heteroplasmy in Drosophila 
(Solignac et al. 1983, Hale and Singh 1986, Kann et al. 1998), Bark Weevils (Boyce et al. 
1989), Protura (Chen et al. 2011), and Collembola (Nardi et al. 2001); site heteroplasmy in 
mosquitoes (Paduan and Ribolla 2008), bees (Magnacca and Brown 2010), thrips (Frey and 
Frey 2004), and grasshoppers (Walton et al. 1997).  Nardi et al. (2001) observed length 
heteroplasmy in the Collembola species Tetrodontophora bielanensis, which contained 
multiple copies of the mitochondrial genome differentiated by the number of tandem 
duplications within the A+T rich region.  Though different from the type of heteroplasmy 
observed in the present study (site vs. length), this is the only other report of COI 
heteroplasmy in Collembola. 
Heteroplasmic copies from E. n. sp. 2 had relatively high divergences (5.46%) and 
furthermore, the two E. nivalis specimens (heteroplasmy was detected in one individual) 
were highly divergent from each other (Avg. P = 11.83%), but it is unclear if heteroplasmy 
was the cause for these unusually high intraspecific divergences.  Considering that numerous 
color forms have been reported in North America (South 1961, Stach 1963, Christiansen and 
Bellinger 1998) it is likely that Nearctic populations of E. nivalis represent a species 
complex, which could explain the large molecular divergences observed in this study.  For 
example, European populations of E. nivalis that differed slightly in color pattern were 
identified as a new species (Entomobrya leonensis, Jordana and Baquero 2005) based on 
chaetotaxy, but additional sampling and further examination is needed in order to determine 
the presence of cryptic color pattern species in North American populations.  Complete 
heteroplasmic copies were not attained for E. clitellaria, but heteroplasmy may explain the 
interesting branching pattern of that clade.  The clitellaria clade is split into 2 groups (not 
concordant with color pattern or geography) that are on average 6.3% divergent, which are 
relatively high for intra-specific distances. The presence of two heteroplasmic copies of COI 
with similar divergences as those displayed by E. n. sp. 2 may explain the puzzling distances 




 This study followed a conservative framework for an integrative approach to the 
delimitation of cryptic Entomobrya lineages and serves as a starting point for understanding 
cryptic diversity and phylogenetic relationships within this genus.  This study indicated that 
“color pattern species” do exist within some traditionally described Entomobrya 
morphospecies, reinforcing observations by Soto-Adames (2002), Carapelli et al. (1995, 
2005),  Frati et al. (1994, 1995, 2000), and Simonsen et al. (1999) in other Collembola 
species. Morphological characters have been shown to provide conservative estimates of 
molecular variation and that allopatric color forms, in addition to sympatric color forms, can 
represent distinct species. However, genetic divergence was not always correlated with color 
pattern variation. Therefore, the utility of color pattern as a diagnostic tool is species 
dependent and must rely on existing research that provides accurate taxonomic species 
descriptions based on integrative delimitation methods as used in the present study.  This 
study also brings attention to issues concerning generic relationships within the tribes 
Entomobryini and Willowsini including the possible polyphyly of the genus Willowsia and 
likely paraphyly of Entomobrya.  
While the diversity of the Entomobrya of Eastern North America cannot be 
determined by this study alone, the recognition of 3 new cryptic species, discovery of 2 new 
morphologically distinct species, and reports of many additional color forms not included in 
this study (Christiansen and Bellinger 1998), suggests that the diversity of this group is likely 
to be greatly underestimated. With lineages now confidently separated by color pattern and 
molecular evidence, further examination can reveal additional characters and provide 
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TABLES AND FIGURES 
 
Table 1.1.  All Individuals sequenced for this study along with collection localities.  The four test species are listed along with color form information.  
See Figure 1.2 for pictures of color forms. 
Species Specimen ID Color Form 
Location    
(State: County) 
Coordinates Species Specimen ID Location     (State: County) 
Coordinates 
N W N W 
Test Entomobrya species and respective color forms 
 
Other Entomobrya ingroups 
   E. assuta 11-157-as-3 A IL: Jo Davies 42.303783 -90.401083 E. n. sp. 1 12-2-yt-1   AL: Clay 33.197230 -86.063250 
 
11-60-as-1 A IL: Champaign 40.144617 -88.165433 
 
12-FSA1-yt-1 IL: Union 37.464640 -89.247634 
 
11-60-as-2 A IL: Champaign 40.144617 -88.165433 
 
12-FSA1-yt-2 IL: Union 37.464640 -89.247634 
 
12-6-as-1 A AL: Covington 31.079000 -86.612030 E. n. sp. 2 12-6-sp2-1 AL: Covington 31.079000 -86.612030 
 
12-6-as-2 A AL: Covington 31.079000 -86.612030 
 
12-9-sp2-1 AL: Covington 31.079000 -86.612030 
 
11-100-as-1 B IL: Piatt 40.067090 -88.565960 
 
12-9-sp2-2 AL: Covington 31.079000 -86.612030 
 
11-100-as-2 B IL: Piatt 40.067090 -88.565960 E. atrocincta 11-17-at-1 IL: Champaign 40.100692 -88.228136 
 
11-157-as-2 B IL: Jo Davies 42.303783 -90.401083 
 
11-17-at-2 IL: Champaign 40.100692 -88.228136 
 
11-160-as-1 B IL: Pope 37.413500 -88.659816 
 
11-17-at-3 IL: Champaign 40.100692 -88.228136 
 
11-160-as-2 B IL: Pope 37.413500 -88.659816 
 
11-17-at-4 IL: Champaign 40.100692 -88.228136 
 
11-82-as-1 B IL: Mason 40.408916 -89.875900 
 
11-17-at-5 IL: Champaign 40.100692 -88.228136 
 
11-82-as-2 B IL: Mason 40.408916 -89.875900 
 
11-17-at-6 IL: Champaign 40.100692 -88.228136 
 
11-90-as-1 B IL: Pike 39.968683 -89.833860 E. bicolor 11-Cdhend-bi-1 IL: Henderson 41.087595 -90.936723 
 
11-90-as-2 B IL: Pike 39.968683 -89.833860 
 
11-Cdhend-bi-2 IL: Henderson 41.087595 -90.936723 
 
12-50-as-1 B PA: Chester 40.066222 -75.376948 
 
11-Cdhend-ye-1 IL: Henderson 41.087595 -90.936723 
 
11-116-as-1 C FL: Taylor 30.059530 -88.907350 E. intermedia 11-32-in-1     PA: Chester 40.066222 -75.376948 
 
11-116-as-2 C FL: Taylor 30.059530 -88.907350 
 
12-50-in-1 PA: Chester 40.066222 -75.376948 
 
11-134-as-1 D FL: Citrus 28.759960 -82.575830 
 
12-50-in-2 PA: Chester 40.066222 -75.376948 
 
11-134-as-2 D FL: Citrus 28.759960 -82.575830 E. multifasciata J-SM86-mu-1 S. Miguel, Azores 37.798933 -25.499474 
E. clitellaria 11-100-cl-1 A IL: Piatt 40.067090 -88.565960 
 
J-SM86-mu-2 S. Miguel, Azores 37.798933 -25.499474 
 
11-100-cl-2 A IL: Piatt 40.067090 -88.565960 E. nivalis 11-50-ni-1 WI: Sauk 43.424544 -89.709790 
 
11-142-cl-1 A IL: Jo Davies 42.305650 -90.397400 
 
12-FSVTlam-ni-1 VT: Lamoille 44.548581 -72.793931 
 
11-166-cl-1 A IL: Pope 37.519260 -88.657383 Entomobryidae outgroups 
   
 
11-74-cl-1 A IL: Jasper 39.032750 -88.124740 Entomobryoides dissimilis 11-21-Ent-1 IL: Champaign 40.144617 -88.165433 
 
11-116-cl-1 B FL: Taylor 30.059530 -88.907350 Homidia sauteri 12-19-Hsa-1      AL: Butler 31.883508 -86.607555 
 
11-166-cl-2 B IL: Pope 37.519260 -88.657383 Homidia socia 11-149-Hso-1     IL: Jo Davies 42.306134 -90.392959 
 
11-59-cl-1 B IL: Vermilion 40.209950 -87.741810 Willowsia buski 11-52-Wbu-1   WI: Sauk 43.421102 -89.636841 
 
11-74-cl-2 B IL: Jasper 39.032750 -88.124740 Willowsia nigromaculata 11-159-Wni-1 IL: Pope 37.424250 -88.667183 
 
11-81-cl-1 B IL: Coles 39.403420 -88.146160 Willowsia n. sp. 1 11-135-Wsp-1 FL: Citrus 28.758555 -82.581574 
 
11-81-cl-2 B IL: Coles 39.403420 -88.146160 Pseudosinella violenta 
 
IA: Poweshiek? 
  E. ligata 11-39-li-1 A NC: Swain 35.570302 -83.169168 Seira dowlingi 
 
PR: Aguada 18.38077 -67.16025 
 
11-39-li-2 A NC: Swain 35.570302 -83.169168 
     
 
11-39-li-3 A NC: Swain 35.570302 -83.169168 
     
 
11-41-li-1 A TN: Sevier 35.726396 -83.401730 
     
 
11-41-li-2 A TN: Sevier 35.726396 -83.401730 
     
 
11-41-li-3 A TN: Sevier 35.726396 -83.401730 
     
 
11-BGA1-li-1 A GA: Union 34.873362 -83.811657 
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Table 1.1 (cont.) 
Species Specimen ID Color Form 




E. ligata 11-BGA1-li-2 A GA: Union 34.873362 -83.811657 
 11-33-li-1 B PA: Chester 40.066222 -75.376948 
 11-33-li-2 B PA: Chester 40.066222 -75.376948 
 
11-33-li-3 B PA: Chester 40.066222 -75.376948 
 
11-37-li-1 C KY: Laurel 37.082469 -84.045283 
 
11-37-li-2 C KY: Laurel 37.082469 -84.045283 
E. quadrilineata 11-105-qu-1 A TN: Stewart 36.663916 -87.985960 
 
11-59a-qu-1 A IL: Vermilion 40.209950 -87.741810 
 
11-59a-qu-2 A IL: Vermilion 40.209950 -87.741810 
 
11-61-qu-1 A IL: Wayne 38.341216 -88.239916 
 
11-61-qu-2 A IL: Wayne 38.341216 -88.239916 
 
11-JCIL1-qu-1 A IL: Pope 37.519260 -88.657383 
 
11-JCIL1-qu-2 A IL: Pope 37.519260 -88.657383 
 
11-105-qu-2 B TN: Stewart 36.663916 -87.985960 
 
12-2-qu-1 C AL: Clay 33.197230 -86.063250 
 
12-2-qu-2 C AL: Clay 33.197230 -86.063250 
 
11-108-qu-1 D TN: Stewart 36.538300 -87.914283 
 
11-108-qu-2 D TN: Stewart 36.538300 -87.914283 
 
12-FSA2-qu-1 D IL: Union 37.464640 -89.247634 
  12-FSA2-qu-2 D IL: Union 37.464640 -89.247634 
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Table 1.2.  All primers used in this study for COI amplification of 4 test species (E. assuta, E. clitellaria, E. ligata, E. quadrilineata) and their color 
forms. A check mark () indicates successful amplification and sequencing. The tilde (~) represents moderate success.  An X indicates unsuccessful 
amplification. 
Primer ID1 Position2 Sequence 5'-3' 
Species - Color Form3 
AS AS-D CL LI-A LI-B LI-C QU-A QU-B QU-C QU-D 
3' end                         
C1-J-21954 722 TTGATTTTTTGGTCATCCAGAAGT           
TL2-N-30144 +22 AATATGGCAGATTAATGCATTAG    ~     ~  X 
TL2-N-3014A5 +21  TCCAAGCACTAATCTCGCATATTAGAAATTA             
TL2-N-3014B5  +23 TCCAATGCACTAATCTGCCATATTAGAAATTAGT ~     X             
TL2-N-3014C5  +23 TCCAATGCACTAATCTCGCATATTAGAAATTAAT                   
Fly 10A6 +22 CTAATATGGCAGATTAGTGCATT                  
5' end                         
TRNA-1F-D7 -137 TTTAAGTTATWWAAACTAAGARCCTTCAAG X X   X     ~ ~ ~ ~ 
CYS-1F -95 GGATTATTAATCACCTTAAAATTTGCA ~ X            
CYS-2F -68 GCAGTTTTAAATCATAAATGAATACATTTG  ~   X            
TYR-1F -21 ATTCATGATTAAATTTACAGTCTAACACC  X            X   
TYR-2F -21 CATGATTAAATTTACAGTCTAACACC  X     X X X X 
TYR-3FD -20 YDTVWTTAAATTTACAGTYTAABRSCT ~ X            ~   
TYR-4FD -20 TVWTTAAATTTACAGTYTAABRSCT ~ ~ X          X   
TYR-5F -7 CAGTCTAACACCTATTTTCAGCCACC X X X          ~   
TYR-6FD -8 CAGTYTAABRRCTWWWWTCAGMCAC X ~ X          ~   
TYR-7FD -9 CAGTYTAABRRCTWWWWCAGMCAC X ~ X          X   
TY-J-14604 -10 TACAATTTATCGCCTAACTTCAGCC X     X            
LCO14908 41 GGTCAACAAATCATAAAGATATTGG                   
847RD-QU 847 GCTATATCTGCAATCGGKCTMTTAGGCT              X   X 
847R-QU 847 GCTATATCCGCTATTGGTCTTCTAGGAT             X    
847RD-CL 847 CTATATCCGCTATCGGTTTRTTAGGAT     ~               
847R-CL 847 GCTATATCCGCTATTGGTCTACTAGGAT     ~               
903R-AS134 903 GGGATGGATGTTGACACACGAGCT                    
905R-LI 905 GGAATAGATGTAGATACACGAGCTTA                  
905DR-LI 905 GGAATAGATGTAGAYACACGAGCCTA                    
905R-MU 905 GGAATAGATGTAGATACTCGGGCATA                     
905R-AT_AS 905 GGAATAGATGTAGACACTCGAGCCTA  X                 
1Primers designed in this study were named accordingly: region (or position within COI), forward or reverse (F/R), - species (abbreviation) for specific primers, or 
sequential number for general primers. 
2Position refers to 3’ end of each primer site relative to the 5’ end of COI sequenced in this study.  Positive numbers refer to position downstream of COI stop codon 
and negative numbers refer to positions upstream of the COI gene. 
3Species abbreviations are as follows: AS=E. assuta, CL=E. clitellaria, QU=E. quadrilineata, LI=E. ligata.  Letter after species abbreviations indicate color form. 
4Simon et al. 1994 
5Modified from Simon et al. 1994 
6Joy and Conn 2001 
7Major 2012 
8Folmer et al. 1994 
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Table 1.3. List of all primers used in this study for COI amplification of additional ingroup and outgroup taxa. A check mark () indicates successful 
amplification and sequencing. The tilde (~) represents moderate success.  An X indicates unsuccessful amplification. 
Primer ID1 Position2 Sequence 5'-3' 
Species3 
AT BI IN MU NI SP1 SP2 EDI HSA HSO WBU WNI WSP 
3' end                               
C1-J-21954 722 TTGATTTTTTGGTCATCCAGAAGT              
TL2-N-30144 +22 AATATGGCAGATTAATGCATTAG                        
TL2-N-3014A5 +21  TCCAAGCACTAATCTCGCATATTAGAAATTA        ~       
TL2-N-3014B5  +23 TCCAATGCACTAATCTGCCATATTAGAAATTAGT            ~             
TL2-N-3014C5  +23 TCCAATGCACTAATCTCGCATATTAGAAATTAAT X           X             
Fly 10A6  +22 CTAATATGGCAGATTAGTGCATT                         
5' end                               
TRNA-1F-D7 -137 TTTAAGTTATWWAAACTAAGARCCTTCAAG  X     ~       X     X   
CYS-1F -95 GGATTATTAATCACCTTAAAATTTGCA X X    X       X    X   
CYS-2F -68 GCAGTTTTAAATCATAAATGAATACATTTG  X                 X   
TYR-1F -21 ATTCATGATTAAATTTACAGTCTAACACC  X    X                
TYR-2F -21 CATGATTAAATTTACAGTCTAACACC  X   X    X    X  
TYR-3FD -20 YDTVWTTAAATTTACAGTYTAABRSCT ~ ~   ~ X             X   
TYR-4FD -20 TVWTTAAATTTACAGTYTAABRSCT ~ X     X                
TYR-5F -7 CAGTCTAACACCTATTTTCAGCCACC              X         
TYR-6FD -8 CAGTYTAABRRCTWWWWTCAGMCAC       ~       ~         
TYR-7FD -9 CAGTYTAABRRCTWWWWCAGMCAC       ~       ~         
TY-J-14604 -10 TACAATTTATCGCCTAACTTCAGCC X                         
LCO14908 41 GGTCAACAAATCATAAAGATATTGG X X                  X   
902R-IN 902 CAGTAGGAATGGATGTGGATACACGAGC        X                 
902R-BI 902 CAGTGGGTATAGACGTAGACACACGAGC                          
902RD-HSO_SP2 902 CAGTAGGAATAGATGTAGACACYCGAGC                         
902RD-WBU_YT 902 CTGTWGGAATAGATGTAGAYACACGAGC                         
902R-EDI_WSP 902 CAGTAGGAATAGATGTAGACACACGAGC                         
902R-HSA 902 CAGTCGGGATAGATGTAGACACTCGAGC                          
902R-WNI 902 CAGTTGGTATAGATGTGGACACTCGAGC                          
902R-NI 902 CAGTAGGAATAGATGTCGACACCCGAGC                          
905R-MU 905 GGAATAGATGTAGATACTCGGGCATA                          
905R-AT_AS 905 GGAATAGATGTAGACACTCGAGCCTA                          
1Primers designed in this study were named accordingly: region (or position within COI), forward or reverse (F/R), - species (abbreviation) for specific primers, or sequential 
number for general primers. 
2Position refers to 3’ end of each primer site relative to the 5’ end of COI sequenced in this study.  Positive numbers refer to position downstream of COI stop codon and 
negative numbers refer to positions upstream of the COI gene. 
3Species abbreviations are as follows: AT=E. atrocincta, BI=E. bicolor, IN=E. intermedia, MU=E. multifasciata, NI=E. nivalis, SP1=E. n. sp. 1, SP2=E. n. sp. 2, 
EDI=Entomobryoides dissimilis, HAS=Homidia sauteri, HSO=Homidia socia, WBU=Willowsia buski, WSP=Willowsia n. sp. 1¸ WNI= Willowsia nigromaculata.  
4Simon et al. 1994 
5Modified from Simon et al. 1994 
6Joy and Conn 2001 
7Major 2012 
8Folmer et al. 1994 
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Table 1.4. Optimal primer combination for success amplification of each species and color forms. A check mark () indicates successful amplification 
and sequencing. The tilde (~) represents moderate success.  An X indicates unsuccessful amplification. 
F primer1 
  
R primer1 Species - Color Forms
2 
  SP2 SP1 AS AS-D AT BI CL IN LI MU NI QU-A QU-B QU-C QU-D EDI HSA HSO WBU WSP WNI 
C1-J-2195 X TL2-N-3014A  X X X X X X X   X  X  X X X X X X X 
C1-J-2195 X TL2-N-3014 X  X  X    X X  X  X        
TYR-2F X 902RD-HSO_SP2 X                 X    
TYR-2F X 902RD-WBU_SP1  X                 X   
TYR-2F X 905R-AT_AS   X  X                 
CYS-2F X 903R-ASD    ~                  
TYR-6FD X 903R-ASD    ~                  
TYR-5F X 902R-BI      X                
TYR-2F X 847RD-CL       ~               
TYR-2F X 847R-CL       ~               
TYR-2F X 902R-IN        X              
TYR-2F X 905R-LI         X             
TYR-2F X 905R-MU          X            
CYS-2F X 902R-NI           X           
CYS-1F X 847RD-QU            X          
CYS-1F X 847R-QU             X X X       
TYR-2F X 902R-EDI_WSP                X    X  
TYR-4FD X 902R-HSA                 X     
TYR-1F X 902R-WNI                     X 
1See Tables 1.2 and 1.3 for details on primer nomenclature and source references. 
2Species and color forms are as follows; SP2=E. n. sp. 2, SP1=E. n. sp. 1, AS=E. assuta, AT=E. atrocincta, BI=E. bicolor, CL=E. clitellaria, IN=E. intermedia, LI=E. 
ligata, MU=E. multifasciata, NI=E. nivalis, QU=E. quadrilineata, EDI=Entomobryoides dissimilis, HAS=Homidia sauteri, HSO=Homidia socia, WBU=Willowsia buski, 
WSP=Willowsia n. sp. 1¸ WNI= Willowsia nigromaculata.  Letter after species abbreviations indicate color form.
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Table 1.5. Primers used to confirm heteroplasmy in Entomobrya clitellaria, Entomobrya nivalis, and 
Entomobrya n. sp. 2.  Two copies of COI (labeled A and B) for were at least partially sequenced for each 
species (See Figure 1.3). A check mark () indicates successful amplification and sequencing. An X 
indicates unsuccessful amplification. 
Primer ID1 Position2 Sequence 5'-3' 
Species and COI Copy (A & B) 
E. clitellaria3 E. nivalis4 E. n. sp. 25 
A B A B A B 
C1-J-2195 722 TTGATTTTTTGGTCATCCAGAAGT       
TYR-2F -21 CATGATTAAATTTACAGTCTAACACC X      
TL2-N-3014 +22 AATATGGCAGATTAATGCATTAG       
TL2-N-3014A +21 TCCAAGCACTAATCTCGCATATTAGAAATTA       
CL-474BF* 474 CTTAGCTGGGGCTAGATCAATCTTAGGC X      
CL-805BR* 805 GAGAGGTAAAAAACAAACTTTTGGGCAGT       
847R-CL 847 GCTATATCCGCTATTGGTCTACTAGGAT       
847RD-CL 847 CTATATCCGCTATCGGTTTRTTAGGAT       
NI-771AF* 771 TGGAATAATTTCTCACATTATTACT       
NI-771BF* 771 CGGAATAATTTCTCACATCATTACA       
902R-NI 902 CAGTAGGAATAGATGTCGACACCCGAGC       
NI-846AR* 846 TATATCAGCGATTGGACTTTTAGGC       
NI-846BR* 846 CATATCAGCGATTGGATTATTAGGA       
CYS-2F -68 GCAGTTTTAAATCATAAATGAATACATTTG       
SP2-759AF* 759 CCTGGGTTTGGGATAATTTCA       
SP2-855AR* 855 TGGACTTCTAGGGTTTATTGTG       
SP2-759BF* 759 CCCGGGTTCGGGATAATATCT       
SP2-855BR* 855 CGGACTTCTAGGATTTATCGTA       
902RD-HSO_SP2 902 CAGTAGGAATAGATGTAGACACYCGAGC       
1Primers with an asterisk (*) were designed specifically for heteroplasmic COI copies and were named accordingly: 
species (abbreviation) for specific primers, - position of 3’ end of primer relative to the 5’ end of COI sequenced, letter 
designation for COI copy (A or B), and forward or reverse (F or R).  See Tables 1.2 and 1.3 for details on all other primer 
nomenclature and source references. 
2Position refers to 3’ end of each primer site relative to the 5’ end of COI sequenced in this study.  Positive numbers refer 
to position downstream of COI stop codon and negative numbers refer to positions upstream of the COI gene. 
3E. clitellaria specimen ID: 11-100-cl-1. 
4E. nivalis specimen ID: 12-FSVTlam-ni-1. 























Table 1.6. Average P distances (uncorrected) of COI (complete gene, 1539bp).  Average intra-population, 
inter-population, and interspecific distances are listed for all Entomobrya species comparisons.  Additionally, 
average intra-population distances are listed for each of the four test species. Average distances for 
comparisons between allopatric populations of the same color form, different color forms, and a 
morphologically differentiated sister species, are also listed (i.e.  A – B represents average distance of all 
comparisons between color form A and B) along with standard deviations, standard errors, and number of 
comparisons (n). 









All Entomobrya species      E. ligata     
intra- population  0.0165 0.0194 0.0029 46  intra-population 0.0067 0.0079 0.0026 9 
inter- population 0.0363 0.0266 0.0017 247  A 0.0380 0.0098 0.0021 21 
interspecific 0.1783 0.0187 0.0004 2772  A-B 0.1194 0.0018 0.0004 24 
      B-C 0.1153 0.0011 0.0004 6 
E. assuta      A-C 0.0772 0.0030 0.0008 16 
intra-population 0.0209 0.0194 0.0065 9  ABC - E. n. sp. 1 0.0918 0.0134 0.0021 39 
A 0.0164 0.0168 0.0063 7       
B  0.0207 0.0138 0.0022 40  E. quadrilineata     
A-B 0.0192 0.0153 0.0022 47  intra-population 0.0165 0.0240 0.0098 6 
A-C 0.0244 0.0185 0.0062 9  A 0.0306 0.0104 0.0028 14 
B-C 0.0254 0.0160 0.0038 18  D 0.0356 0.0201 0.0100 4 
A-D 0.1559 0.0017 0.0005 10  A-B 0.1850 0.0034 0.0013 7 
B-D 0.1563 0.0020 0.0004 20  A-C 0.1812 0.0020 0.0005 14 
C-D 0.1550 0.0019 0.0009 4  A-D 0.1795 0.0019 0.0004 28 
ABCD - E. clitellaria 0.1735 0.0064 0.0004 209  B-C 0.0789 0.0005 0.0003 2 
      B-D 0.1019 0.0023 0.0012 4 
E. clitellaria      C-D 0.0921 0.0021 0.0007 8 
intra-population 0.0227 0.0255 0.0127 4  ABCD - E. bicolor 0.1601 0.0149 0.0023 42 
A 0.0425 0.0254 0.0085 9       
B 0.0562 0.0187 0.0062 9       
A-B 0.0420 0.0243 0.0045 29       
























Table 1.7. Summary of species criteria satisfied by color forms for test species.  A check mark 
indicates that the color form lineage satisfies the species criteria listed; monophyletic, diagnosable 
by color pattern and/or morphology, distances between other color forms are greater than 8%, 
distances between color forms are equivalent distances to sister species, and distances between color 
forms are greater than distances between allopatric populations with the same color form (See 
Methods section for explicit species criteria). A question mark listed in the “Diagnosable lineage?” 
column indicates the monophyletic lineages are concordant with color pattern, but variation in color 
form and under-sampling may limit the confidence of diagnosis and the ability to detect existing 









Molecular Distance criteria 
between color 
forms > 8% 
≈ to sister 
species 
> allopatric 
pops. of same 
color form 
E. assuta A           
B      
C      
D      
E. clitellaria A           
B           
E. ligata A      
B      
C  ?    
E. quadrilineata A      
B  ?    
C  ?    





Figure 1.1. Color form distribution map for each test species; A) E. assuta, B) E. clitellaria, C) E. ligata, 
and D) E. quadrilineata.  Each sampling locality is represented by a colored circle indicating the color form 
collected from the site.  Color forms collected in sympatry are indicated by a circle with 2 colors 
















Figure 1.2.  All color forms for 1) E. assuta, 2) E. clitellaria, 3) E. ligata, and 4) E. quadrilineata.  An asterisk 








Figure 1.3.  Diagrammatic representation of the COI gene with all primers used and sequences attained for 3 
species with COI site heteroplasmy.  X indicates unsuccessful amplification. Parentheses indicate that the 
primer did not bind to correct copy (i.e. the copy it was designed for).  Double-strand represent complete bi-
directional sequences were attained.  Single-strand indicates sequences attained in only one direction. The 





Figure 1.4. Bayesian 50% majority rules consensus tree resulting from the analysis of COI DNA sequences 
(complete gene, 1539 bp) with Pseudosinella violenta as the outgroup.  Clades containing each of the four test 
species are highlighted in different colors; E. assuta (red), E. clitellaria (blue), E. ligata (orange), and E. 
quadrilineata (green).  All color forms within these clades are labeled and groups within clades are specified 
with a vertical bar.  Collection localities are labeled as state abbreviations (see Table 1.1 for detailed collection 
localities). Outgroup branches are not highlighted and the additional ingroup Entomobrya clade is highlighted 





Figure 1.5. Bayesian 50% majority rules consensus tree resulting from the analysis of COI DNA sequences 
with all 3rd codon positions excluded (1026 bp) with Pseudosinella violenta as the outgroup.  Clades containing 
each of the four test species are highlighted in different colors; E. assuta (red), E. clitellaria (blue), E. ligata 
(orange), and E. quadrilineata (green).  All color forms within these clades are labeled and groups within clades 
are specified with a vertical bar.  Collection localities are labeled as state abbreviations (see Table 1.1 for 
detailed collection localities). Outgroup branches are not highlighted and the additional ingroup Entomobrya 





Figure 1.6.  Bar charts plotting average  p-distances (uncorrected) of COI (complete gene, 1539bp).  Average intra-population, inter-population, and interspecific 
distances for all Entomobrya species comparisons (A). Average intra-population distances and average distances for comparisons between allopatric populations 
of the same color form, different color forms (i.e.  A – B represents average distance of all comparisons between color forms A and B), and a morphologically 
differentiated sister species, are graphed for each clade; B) E. assuta, C) E. clitellaria, D) E. ligata, and E) E. quadrilineata. The dark line at the 0.08 value 
represents the lowest reported interspecific COI distance for collembola (Hogg and Hebert 2004). The number of comparisons (n) for each average distance is 





Taxonomy and Species Delimitation of Eastern North American Entomobrya: An 




 Studies concerning species delimitation and taxonomy of Collembola species have 
traditionally relied on comparative morphology (Deharveng 2004). For some groups, 
however, uncertain homology, intraspecific variation, and characters of difficult observation 
have limited the utility of morphological characters as tools for species diagnosis and 
phylogenetic inference. Recent advances in DNA sequencing technology have provided 
scientists with additional ways to delimit groups that lack informative morphology, such as 
cryptic species complexes (Frati et al. 1994, 1995, 2000, Carapelli et al. 1995, 2005, 
Simonsen et al. 1999, Soto-Adames 2002, Burkhardt and Filser 2005, Cicconardi et al. 2010, 
Felderhoff et al. 2010, Porco et al. 2010, and see Chapter 1), but in practice most species 
diagnosis still remains dependent on fixed, observable characters, only obtained by rigorous 
morphological examination (Will and Rubinoff 2004).  
 Taxonomy and species delimitation of the genus Entomobrya has been especially 
problematic due to intraspecific morphological variation and a general lack of informative 
taxonomic characters (Christiansen 1958a, South 1961). Conspicuous dorsal color patterns 
exhibited by members of this genus originally served as a practical means for species 
diagnosis (Bonet 1934). Other characters such as claw structure, antennal sense organs, setae 
types, and chaetotaxy of the male genital plate were introduced in Christiansen’s (1958a) 
revision which attributed many color forms as intraspecific variants. These new characters 
marginalized color pattern as an exclusive diagnostic tool, but some are difficult to observe. 
Szeptycki’s (1979) publication on the phylogenetic significance of dorsal macrosetae, 
introduced standard nomenclature for dorsal chaetotaxy, providing a practical system to 
assess homology of macrosetae between species. This system established chaetotaxy as the 
most important tool for species diagnosis in the family Entomobryidae and in theory, 
provided many additional characters to infer phylogenetic relationships (Soto-Adames 2008).  
Christiansen and Bellinger (1980, 1998) later combined traditional morphology with 
chaetotaxy in order to clarify species boundaries. Jordana and Baquero (2005) then 
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simplified Szeptycki’s (1979) system and incorporated additional nomenclature for the dorsal 
head macrosetae.  Following his proposed system, Jordana (2012) was able to delimit 
approximately 400 Palearctic species (subfamily Capbryinae and tribe Entomobryini) using 
chaetotaxic characters.  
Chaetotaxy has surely proven to be a valuable tool for springtail taxonomists, but not 
without its complications.  For some groups, especially those characterized by large numbers 
of setae, such as Entomobrya, the homology of macrosetae is not always clear.  Intraspecific 
variation, apparent differences in setae arrangements, and differences of setae types make it 
difficult to determine homology between species (Soto-Adames 2008). Despite these 
complications, chaetotaxy still provides fixed observable differences that have been widely 
applied to successfully delimit species boundaries (Christiansen and Bellinger 1998, 
Carapelli et al. 2001, Jordana and Baquero 2005, Soto-Adames 2010, Jordana 2012).  
However, its utility as diagnostic and phylogenetic characters is clearly dependent on a 
detailed assessment of intraspecific variation and homology between species of interest. 
Christiansen and Bellinger’s’ (1998) publication “The Collembola of North America” 
is the current authority for Nearctic Collembola species identification. However, some of 
their descriptions of Entomobrya express the need for reexamination due to a lack of 
informative characters for delineation of species boundaries, and high levels of observed 
intraspecific chaetotaxic and color pattern variation that suggest the presence of cryptic 
species complexes. In addition, their descriptions of chaetotaxy are limited and often unclear. 
Therefore, the primary goal of this study is to examine and document Entomobrya chaetotaxy 
to provide detailed descriptions and figures in order to clarify species boundaries and to 
simplify the diagnosis of Eastern North American Entomobrya species. A total of 15 species 
of North American Entomobrya that occur east of the Mississippi River are examined and 
described with special emphasis on chaetotaxy and color pattern, including three cryptic 
species lineages identified in Chapter 1, and two new species collected throughout the course 
of this study. Additionally, phylogenies incorporating both morphology described in this 
study and molecular COI sequences attained in Chapter 1 are conducted in order to explore 






Specimen collection and preparation 
Approximately 146 specimens, representing 15 Entomobrya species (11 reported, 4 
new), were examined in detail throughout the course of this study.  Historical collections of 
Entomobrya from the Illinois Natural History Survey were examined, but were not very 
useful for the present study. Most of these specimens, preserved in 70% EtOH, are old (e.g., 
collected prior to 1980) and in poor condition; chaetotaxy and other small, but diagnostic, 
characters are extremely difficult to observe with confidence.  Therefore, more recent 
material was needed to study details of chaetotaxy and other characters.  Most specimens 
examined were collected by the author between 2011 and 2012 or otherwise provided by 
colleagues from approximately 69 localities throughout the USA, east of the Mississippi 
River (Table 2.1). Specimens were usually collected from leaf litter and extracted using a 
berlese funnel or hand collected from bark and vegetation with an aspirator. See Table 2.7 for 
a list of all Entomobrya species with reported North American distribution. 
Individuals sampled were sorted under a dissecting microscope to morphospecies 
according to color pattern and photographed to record dorsal thoracic and abdominal color 
patterns prior to slide mounting.  All specimens were cleared with Nesbitt’s solution and 
mounted on Hoyer’s medium in preparation for light microscopy.  The heads of specimens 
generally take longer to clear so they were dissected and mounted separately.  Heads and 
bodies were both mounted dorsal-side up; the optimal position for observing important 
morphological characters. All illustrations were hand drawn under a camera lucida then 
scanned and digitized with Adobe Illustrator CS6 software.  When available, ten individuals 
from each species were examined in order to document chaetotaxic variation.  For some 
species, fewer than 10 individuals were examined due to limited material.  Previously 
described species included in this study were identified based on morphological characters 
described in Collembola of North America (Christiansen and Bellinger 1998).   
Four new species, based on morphological and molecular differentiation (Chapter 1), 
are described and named: Entomobrya ligata color form B collected from Chester Co., PA 
(Entomobrya unolineata n. sp.); Entomobrya assuta color form D collected from Citrus Co., 
FL (Entomobrya citrea n. sp.); Entomobrya n. sp. 1 (Entomobrya neotenica n. sp.); and 
Entomobrya n. sp. 2 (Entomobrya brunneavillosa n. sp.).  The cryptic lineages of 
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Entomobrya quadrilineata color forms B, C, and D are identified as Entomobrya 
decemfasciata Packard, 1873. See species descriptions for details. 
All type specimens of E. assuta, E. decemfasciata, E. ligata, and E. quadrilineata 
deposited at the Illinois Natural History Survey, Champaign, IL, were examined.  Types were 
either unavailable or their repository was unknown for most other species included in this 
study: E. atrocincta, unknown; E. bicolor, unknown; E. clitellaria, type stored at the 
Department of Animal Biology at the University of Minnesota (unavailable); E. intermedia, 
unknown; E. multifasciata, unknown; E. nivalis, unknown; E. unostrigata, type stored at the 
Institute of Systematics and Evolution of Animals of the Polish Academy of Sciences, 
Krakow, Poland (not examined). Additional types for E. decemfasciata are stored at the 
Museum of Comparative Zoology, Harvard (unavailable), and E. ligata and E. assuta at the 
American Museum of Natural History, New York (unavailable).  
 
Discussion of characters 
Most morphological characters that have traditionally been important for Entomobrya 
species diagnosis and delimitation are either difficult to observe, thus, are not practical for 
identification, and are not included in this study. For example, some authors have used 
relative anatomical length or distance ratios for species separation (Christiansen and 
Bellinger 1998, Jordana 2012). Christiansen (1958a) incorporated relative measurements of 
antennal segments and the ratio of labial appendage (Figure 2.1B; see 2) to papilla length, 
even after recognizing their potential limitations (Christiansen 1954). The deformation of 
these soft body parts after slide mounting and pronounced variation between instars makes 
these measurements unreliable and not practical for diagnostic purposes (South 1961).  
Ratios of relative positions of mucronal and ungual teeth (see Figure 2.1C), though these 
structures are usually not deformed by the mounting process, depend heavily on the angle or 
position of the slide mount in order to properly standardize relative measurements between 
individuals. Additionally, these characters present few discernable differences between 
Entomobrya species and have been noted to be of little taxonomic value for European 
Entomobrya (South 1961).  
Differences in chaetotaxy of the male genital plate can accurately delineate many 
North American Entomobrya species (Christiansen 1958a, 1958b). However, these characters 
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are only present in male specimens and are very difficult to observe under light microscopy, 
requiring electron microscopy in order to easily discern characters with certainty (Figure 
2.1D). Differences in number and arrangement of small, spine-like setae on the trochanter, 
termed the trochanteral organ, have also been used to support the identification of some 
species (Christiansen 1958a). These setae are not only difficult to observe, but intraspecific 
variation limits their use for Entomobrya species delimitation (South 1961).  Additionally, 
labial and post-labial chaetotaxy have been shown to be taxonomically informative for other 
genera (Chen and Christiansen 1993, 1997, Soto-Adames 2010), but generally lack any 
useful variation in North American Entomobrya.  
The introduction of “stable” character systems for dorsal macrosetae (Szeptycki 1979, 
Jordana and Baquero 2005, Soto-Adames 2008) have provided a large set of characters that 
are relatively easy to observe and compare among different species. Additionally, recent 
molecular phylogenetic studies have supported the resurgence of color pattern as a valid tool 
for species delimitation of some springtail groups (Carapelli et al. 1995, 2005, Frati et al. 
1994, 1995, 2000, and Simonsen et al. 1999, Soto-Adames 2002) including Entomobrya (See 
Chapter 1). Therefore, this study is mainly concerned with dorsal chaetotaxy and color 
pattern for species descriptions and diagnosis. 
The morphology of the labral papillae (Figures 2.1B and 2.4) varies considerably 
among species of Entomobrya (Christiansen 1958a, South 1961) and is relatively easy to 
observe, thus, will also be included in the present study. See Figures 2.1 - 2.3 for SEM 
photographs of morphological structures. 
 
Character nomenclature, abbreviations, and symbols 
Descriptions of adult dorsal macrosetae provided in this study follow the dorsal body 
chaetotaxic nomenclature established by Szeptycki (1979) and the dorsal head chaetotaxy 
from Jordana and Baquero (2005) and Soto-Adames (2008).  References to thoracic and 
abdominal segments are abbreviated as Th. (2-3) and Abd. (1-6) respectively. Symbols used 
in chaetotaxy descriptions are presented in Figure 2.5. There are 7 general morphological 
structures, including 3 types of setae, recognized for the purpose of this study. Macrosetae 
(Figure 2.2C; see a1, a2, a3, m3) are the primary setae, characterized by a large socket, long 
length, and are usually apically truncate or blunt. Microsetae (Figure 2.2C; see 1) are 
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common type 5 (Christiansen 1958a), short, thin, acuminate setae with very small sockets. 
Mesosetae (Figure 2.2C; see 2) are morphologically similar to microsetae, but are ostensibly 
longer, with larger sockets.  They tend to be smaller and thinner than macrosetae, but 
substantial variation in length and size of both setae types cause overlap. Bothriotricha 
(Figure 2.2C; see 3) are specialized setae characterized by unique morphology; long length, 
relatively thin, with conspicuous ciliation.  Pseudopores are relatively difficult to observe and 
resemble sockets of macroseta, but are generally shallower and lack a thickened socket wall 
(Figure 2.3B; see 1).  There are also two types of short, smooth, acuminate, spine-like setae 
called sensilla:  type 1 is long and more common and occur on all thoracic and abdominal 
segments (Figure 2.3A; see 1); while type 2 is short, sometimes slightly blunted, usually 
paired with type 1, and is only present on Th. 2, Abd. 1, and Abd. 2.  
 
Phylogenetic analysis 
In order to investigate the effects chaetotaxic and other morphological characters 
have on phylogenetic relationships, two Bayesian phylogenetic analyses were conducted 
using MRBAYES v3.2.1 (Ronquist et al. 2012); one based only on morphological characters 
and an additional analysis based on combined morphology and molecular datasets.  
The morphological analysis of 21 taxa, including 14 species of Entomobrya and 7 
additional species, was based on 179 morphological characters with Pseudosinella violenta 
as the outgroup. Character state assignments were attained though observation of material 
collected throughout this study (Table 2.1), except for P. violenta and Seira downlingi, which 
was obtained from Soto-Adames (2010) and Soto-Adames (2008) respectively. Using the Mk 
model of evolution for morphology (Lewis 2001), with rate variation among characters 
(gamma distribution), four independent runs, starting from random trees, were each 
conducted with 4 Markov chains (2 cold, 2 hot), for 25,000,000 generations, sampling every 
1000th generation. All other parameters were left as default values.  
The combined analysis incorporating complete COI sequences (1539bp) for 84 
exemplars (See Chapter 1 for specific details regarding specimens, gene choice, DNA 
extraction, amplification, sequencing, and primer development) with P. violenta as the 
outgroup. The appropriate model of sequence evolution (TIM2+I+G), selected by jModeltest 
0.1.1 (Posada, 2008), was applied to the COI partition, and since the Bayesian analysis 
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requires a model, the Mk model (Lewis 2001) was implemented for the morphology dataset. 
Morphology was not examined for sequenced individuals due to the destructive process of 
DNA extraction, therefore character states were attained from other individuals of the same 
species or from descriptions in the literature (Soto-Adames 2008, 2010) and were added to 
corresponding OTU’s in the matrix.  The same parameters used in the morphological analysis 
were implemented in the combined analysis.  Morphology was not examined for 
Entomobryoides dissimilis and COI sequences were not attained for Entomobrya unostrigata, 
thus these two species were not included in the combined analysis. Both analyses were 
conducted using the CIPRES Science Gateway (Miller et al. 2010), convergence was 
assessed by observation of average standard deviation of split frequencies values below p < 
0.003, a 25% burn-in was used, and all posterior probabilities and consensus trees were 
computed in MRBAYES. 
 
Character state assignments 
Dorsal setae were identified by their relative positions to bothriotricha, sensilla, 
pseudopores, and to neighboring setae, following descriptions provided by Szeptycki (1979), 
Jordana and Baquero (2005), and Soto-Adames (2008).  All macrosetae labeled in figures for 
species descriptions were included as characters in the phylogenic analysis (See Appendix B 
for morphological character matrix). Additional macrosetae occurring external to sensillum 
on Abd. 1 – 3 and external to bothriotricha on Abd. 4 were not included in descriptions or 
analysis due to uncertain homology.  Characters states for setae were defined as present, 
absent, or polymorphic (i.e. variable between individuals of the same species).  Macrosetae 
were considered absent if meso- or microsetae were present in corresponding position.  
Polymorphic states are indicated in the figures as dotted circles. Other characters included in 
the phylogenetic analysis are number of setae in eye patch well, labral setae (smooth or 
ciliate), labral papillae (smooth, single projection, or multiple projections), setae within labial 
triangle (absent or present), antennal bulb lobes (number), scales (for outgroup; absent or 
present), and dental spines (for outgroup; absent or present). See Appendix C for a complete 





Figure 2.1. Entomobrya atrocincta. SEM photographs of selected morphological characters: A, general ventral 
view; B, close-up of mouth cone, 1) four labral papillae with multiple projections (arrow points to 3rd papilla 
from left to right, 2) labial appendage; C, unguis (top claw) with one outer, two lateral, and four inner teeth, and 






Figure 2.2.  Entomobrya atrocincta. SEM photographs of dorsal chaetotaxy: A, dorsal view 
of head, thorax, and 1st two abdominal segments; B, close-up view of eyes (A-H) and eye 
patch well microsetae (p-t); C, close-up dorsal view of the 3rd abdominal segment, macrosetae 
a1 (socket only), a2, a3, and m3 (socket only) are labeled, 1) type 5 microseta, 2) mesoseta, 3) 




Figure 2.3. Entomobrya atrocincta. SEM photographs of selected morphological characters: A, close-up view 
of 3rd abdominal segment, macroseta (socket only) a3 and m3 are labeled, 1) sensillum (type 1); B, comparison 







Figure 2.4.  Labral papillae of Entomobrya and Willowsia species: column A, Entomobrya with multiple 
projections per papilla; column B, Entomobrya with a single projection per papillae; column C, labral papillae 
of all Willowsia species occurring in the Eastern United Sates. Note W. n. sp. 1 can be differentiated by the 
presence of multiple projections per papilla. E. bruneavillosa and E. ligata are not included in figure but are 







Figure 2.5. Symbol legend for diagrammatic figures of 
chaetotaxy presented in the species descriptions. See Figures 2.2 






Figure 2.6. Macrosetae variation and asymmetrical polymorphism of Abd. 4 in the E. bicolor complex: A, E. 
bicolor; B, E. decemfasciata; C, E. quadrilineata.  Only medial macrosetae (those which occur between 
bothriotricha T2 and T4) are included in diagram. The dotted line represents the medial division of Abd. 4.  





Figure 2.7.  Differences of macrosetae abundance within thoracic chaetotaxy zones A, L, M, Pm, and Pl for Th. 
2 (top) and Th. 3 (bottom): A, E. assuta with the lowest number of macrosetae; B, E. atrocincta with a 
moderate number of macrosetae; C, E. unostrigata with a moderate number of macrosetae; D, E. decemfasciata 
with the most macrosetae.  Marked differences in zone Pm for both segments clearly differentiate between some 




Species descriptions and taxonomy 
 
Entomobryidae Schäffer, 1896 
Entomobryini Schäffer, 1896 sensu Soto-Adames et al., 2008 
 
Entomobrya Rondani, 1861 
This genus characterized by having 8+8 eyes (Figure 2.2B) within black or dark blue 
patches of pigment, a bidentate mucro with a smooth basal spine, basic chaetotaxy formed by 
type 5 microsetae and the absence of antennal sub-segmentation, scales, dental spines, and 
differentiated “smooth” setae on the inner surface of the hind tibiotarsus.  
In addition, all North American species (except E. sinelloides) have an apical 
antennal bulb, unguis with one outer, two lateral, and four inner teeth, and a lanceolate 
unguiculus (Figure 2.1C) (Christiansen & Bellinger 1998). Good morphological descriptions 
of this genus are provided in Christiansen (1958a), Stach (1963), Christiansen and Bellinger 
(1998), and Jordana (2012).  Chaetotaxy provided in the following descriptions follows the 
nomenclatural systems established by Szeptycki (1979) and Jordana and Baquero (2005) 
with some modifications.  
Diagnostic adult chaetotaxy characters for the separation of most Entomobrya species 
treated here are listed in Table 2.2. These characters were specifically chosen for their ease of 
observation, stability, lack of polymorphic states, and clear homology. 
 
 
Entomobrya assuta Folsom, 1924 
Figures 2.4, 2.7, 2.8 - 2.10   
Description 
Body shape and color pattern. Body dorsoventrally flattened. Dorsal color pattern 
highly variable, and in many cases, without clear discrete forms (Figure 2.8). Patterns usually 
consisting of black or dark blue pigment on a white, yellow, organge, or light purple 
background. Thorax  pigmentation variable. Sometimes Th. 2 and Abd. 3 entirely dark, 
forming two strong transverse bands. All forms studied have a dark transverse band across 
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the posterior margin of Abd. 2.  Abd. 3 entirely dark or with two or three pale spots.  Abd. 4 
and 5 also with 2-3 pale spots each. Posterior margin of Abd. 4 usually lacking pigment, 
forming an irregular pale transverse band. Antennae usually entirely purple, but 1st antennal 
segment at times considerably lighter.  
Head. Apical bulb of 4th antennal segment usually bilobed, sometimes simple or, 
rarely, trilobed. Four prelabral setae finely ciliated, seemingly smooth at low magnification 
under light microscopy. Labral papillae each with multiple small spine-like projections 
(Figure 2.4). Labial chaetotaxy typical for genus; M1, r, E, L1, L2, all present and ciliate; r is 
significantly smaller than other setae; A1-A5 smooth.  Dorsal head chaetotaxy reduced in 
comparison with other species (Figure 2.9A); macrosetae An’0, A6, M3i, S’0, S1, Pi1, Pa2, Pa3, 
Pm2, and Pm1i always absent; An3a3 seen in one individual;  M3 present in 1/4 of individuals 
observed; S0 and Pa1 usually present.  Eye patch well with 5 setae.  
Thorax. Thoracic chaetotaxy extremely reduced but stable, without macrosetae 
variation in specimens studied. A row of microsetae present along entire posterior margin of 
Th. 2 and Th. 3 (not displayed in figures). Th. 2, with a5 and 5 posterior macrosetae (Figure 
2.9B): p4, p5, p6, p6e, and p6ep. Th. 3, with 7 macrosetae (Figure 2.9C): a5, a6, m5, m6, m7, p4, 
and p6; macrosetae a1, a2, and a3 absent. Posterior chaetotaxy of zone Pm also extremely 
reduced for both thoracic segments, without macrosetae (Figure 2.9B, C and 2.7A).  
Abdomen. Abdominal chaetotaxy reduced but stable, no macrosetae variation 
observed. Abd. 1 only with macroseta a5 (Figure 2.9D); row of microsetae along entire 
posterior margin present (not displayed in figure). Abd. 2 with 3 macrosetae: m3, m3e, and m5 
(Figure 2.9E).  Abd. 3 with 4 macrosetae: a2, m3, pm6, and p6. Mesosetae a2a, inserted slightly 
anterior and exterior to a2, sometimes with relatively large socket resembling socket of 
macroseta a3, but due to mesoseta a2a’s close proximity to a2, it is most likely a duplicate of 
a2 rather than homologous to a3 (Figure 2.9F).  Abd. 4 with 4 inner macrosetae (Figure 2.9G). 
 
Remarks 
Among all species observed in this study, only E. assuta and E. citrea n. sp. share this 
unique pattern of substantially reduced dorsal chaetotaxy.  Christiansen and Bellinger (1998) 
noted that the dorsal and genital chaetotaxy of E. assuta is more similar to tropical rather 
than Nearctic species.  Entomobrya assuta and E. citrea n. sp. share very similar chaetotaxy 
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and color pattern. In fact, E. citrea n. sp. was considered to be an undescribed color form of 
E. assuta (see Chapter 1). However, a molecular phylogenetic analysis conducted in Chapter 
1 provides evidence for their separation. Subsequent comparative observations between the 
two forms have revealed diagnostic morphological differences; head macroseta Ps3 and Abd. 
2 macroseta a3 are both absent in E. assuta, but are present in E. citrea n. sp.  Additionally, 
color pattern can be used to distinguish between these two species; E. citrea n. sp. has a 
complete, dark transverse band located medially across the center of Abd. 4; a pattern that 
has never been reported for E. assuta.  Labral morphology also separates these species; E. 
assuta has relatively uniform labral papillae, each with two to three seta or spine-like 
projection, while E. citrea n. sp. has up to five minute bumps or serrations on the two internal 
papillae and only two larger spine-like projection on the two external papillae (Figure 2.4).  
Though, this character may be variable and should be used in addition to chaetotaxy and 
color pattern for diagnosis. 
Christiansen and Bellinger (1998) reported seven different color forms each occurring 
in separate localities across North America.  Many of these color forms were not observed 
for this study. Therefore, chaetotaxy and other morphological characters outlined in the 
description are essential for diagnosis. 
 
Distribution 
Endemic to North America. See Figure 2.10 for a distribution map and Table 1.1 for a 





Figure 2.8. Color patterns of Entomobrya assuta collected for this study. Photographed specimens are from the 
following localities: A) Champaign Co., IL; B) Champaign Co., IL; C) Knox Co., TN; D) Champaign Co., IL; 
E) Champaign Co., IL; F) Piatt Co., IL; G) Knox Co., TN; H) Knox Co., TN; I) Mason Co, IL; J) Knox Co., 






Figure 2.9.  Dorsal chaetotaxy of Entomobrya assuta: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 





Figure 2.10. Distribution map for Entomobrya assuta.  Sample localities for specimens examined and collected 
for this study are represented as red circles.  Additional reported localities (Christiansen and Bellinger 1998) are 
within the grey area.  
 
 
Entomobrya atrocincta Schӧtt, 1896 
Figures 2.1 - 2.4, 2.7, 2.11 - 2.13 
Description 
Body shape and color pattern. This species is sexually dimorphic in both color 
pattern and body shape.  Males and females with variable but characteristically different 
color patterns (Figure 2.11).  Male body relatively cylindrical, slender, with bright orange 
background with black pigment usually forming a thick and complete transverse dorsal band 
covering posterior margin of Th. 2 and all of Th. 3 and Abd. 1,  band sometimes absent.  
Male light form without dark pigment on Th. 2 through Abd. 6 (except sometimes along 
anterior margin of Th. 2). Male dark form with band covering Th. 2 through Abd. 2, irregular 
pigment patterns sometimes forming 1+1 orange spots on Abd. 3, and two narrow 
longitudinal stripes connected by transverse band on posterior margin of Abd. 4 (Figure 
2.11A-E).   Females with slightly dorsoventrally flattened body and slightly larger than 
males.  Female color pattern strikingly different from males, white or light yellow 
background with black, dark blue or purple pigment forming transverse bands across the 
posterior margins of Th. 2 through Abd. 4. All females with two longitudinal stripes or 
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triangular extensions connected by two transverse bands on Abd. 4; one incomplete medial 
band and another complete band on posterior margin of Abd 5 (Figure 2.11F-J). Mesonotum 
white in both sexes, lacking pigment except for a small irregular band across anterior margin.  
Medial area of Th. 2 relatively transparent and fat bodies visible through cuticle under a 
dissecting microscope.  Both males and females with purple pigment usually extending from 
apical end of 2nd antennal segment through apex of 4th antennal segment.   
Head. Apical bulb of 4th antennal segment located in deep pit, usually simple, 
sometimes with up to four distinct lobes. Prelabral setae ciliate. Labral papillae each with 3-4 
small seta or spine-like projections (Figure 2.4). Labial chaetotaxy typical for genus: M1, r, 
E, L1, L2, all ciliate; r significantly smaller than other setae; A1-A5 smooth.  Dorsal head 
chaetotaxy variable (Figure 2.12A); macrosetae An’0, An3a2, An3a3, S’0, S6, Ps3, Pi1, Pa3, and 
Pm1i always absent; S0 usually present, M3i usually absent, and A6 present in roughly half of 
observed specimens. Eye patch well with 5 setae. 
Thorax. Chaetotaxy of Th. 2 stable, without variation in number of macrosetae. A 
row of microsetae occur along entire posterior margin of Th. 2 (not displayed in figure); a5, 
m1, m2, m4, m4pi, and all posterior macrosetae (series Pi, Pa, Pm, and Pp) present (Figure 
2.12B). Chaetotaxy of  Th. 3 variable: 8 macrosetae always present in zone M, 5 in zone L, 
and 3 in zone Pl (Figure 2.7B); macroseta a5e, m4, a6i, and p1i usually present (Figure 2.12C). 
Abdomen. Abdominal chaetotaxy variable. Abd. 1, with 4-8 macroseta (Figure 
2.12D), row of microsetae present along entire posterior margin (not displayed in figure). 
Abd. 2 with 4-6 macrosetae (Figure 2.12E): a2, m3, m3e, and m5 always present; a3 and m3ep 
polymorphic.  Abd. 3 chaetotaxy stable, with 7 macrosetae: a1, a2, a3, m3, am6, pm6, and p6 
(Figure 2.12F).  Abd. 4 inner macrochaetae varying from 8-11 (Figure 2.12G). 
 
Remarks 
The female form of E. atrocincta has a color pattern that is virtually indistinguishable 
to E. multifasciata and very similar to E. intermedia, and E. nivalis. Though these species 
may exhibit slight differences in color pattern, it is easier to differentiate them with the 
chaetotaxic characters outlined in Table 2.3. Entomobrya multifasciata is most similar to this 
species and can be separated from female E. atrocincta by the presence of head macroseta S4i 
and morphology of the labral papillae; E. multifasciata has 2-3 large seta or spine-like 
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projections per papillae, while E. atrocincta has 3-4 small, seta or spine-like projections per 
papillae (Figure 2.4). 
The male form always has a unique orange color, but the distribution of purple 
pattern is variable.  Christian and Bellinger (1998) report four discrete color forms. An 
additional male color form was also collected during this study.  The different color forms 
can commonly be found together within the same population. There are no significant 
morphological differences between male forms and molecular data (see previous chapter) has 
confirmed that variation in color pattern (male and female) is attributed to intraspecific 
variation.  The most common male form collected in this study (Figure 2.11A and C) is 
somewhat similar to E. clitellaria.  However, they have obvious differences in morphology 
and can be easily separated with chaetotaxic characters (Table 2.3). 
Sexual dimorphism in this species has caused serious taxonomic confusion. To make 
matters more difficult, the female form resembles E. multifasciata and E. nivalis.  Ramel et 
al. (2008) was the first to describe the sexual dimorphism of E. atrocincta from Greece and 
even noted that records of E. multifasciata may be misidentified E. atrocincta females.  
However, Jordana (2012) separated most European specimens and classified them as E. 
nigrocincta (Denis 1923) based on chaetotaxy, synonymizing Ramel et al.’s (2008) 
descriptions with E. nigrocincta. Jordana (2012) attributes the sexual dimorphism (the same 
displayed by the specimens collected in North America and included in this study) to E. 
nigrocincta only, keeping the description by Christiansen (1958a) valid for E. atrocincta. 
The molecular analysis outlined in the previous chapter showed that the different sexual 
color forms collected in this study were the same species, demonstrating the presence of 
sexual dimorphism in North American E. atrocincta.  However, species diagnosis remains 
unclear.  Chaetotaxy outlined for both E. atrocincta and E. nigrocincta by Ramel et al. 
(2008) and Jordana (2012) does not match the specimens examined in this study (See Table 
2.4).  The excessive intraspecific variation in chaetotaxy observed in these specimens raises 
concern about basing species diagnosis strictly on discrete chaetotaxic characters. Therefore, 
the status of E. nigrocincta as a good species remains in question, and E. atrocincta may 
actually be found in Europe.  Further molecular analysis of European populations is needed 
in order to elucidate the correct taxonomic status and distribution of these two species.  
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The original description by Schӧtt (1896) was based on the male form collected from 
California. Christiansen’s (1958a) descriptions and methods for species delimitation placed 
heavy emphasis on the male genital plate, which may have led to his inadvertent omission of 
the female form.  Since the combination E. atrocincta (Schӧtt 1896) has priority over E. 
nigrocincta (Denis 1923), and also because the holotype designated for E. atrocincta was 
collected in North America, the specimens along with the descriptions outlined in this study 
have been assigned to E. atrocincta. 
 
Distribution 
North America, Hawaii and possibly Europe.  Records of E. multifasciata in North 
America and Hawaii (Christiansen & Bellinger 1992) are suspect due to their similarity to the 
female E. atrocincta color form.  Palearctic records depend on the validity of E. nigrocincta 
as a distinct species provided by Jordana (2012). See Figure 2.13 for a map of the distribution 









Figure 2.11.  Color patterns of Entomobrya atrocincta collected for this study: A-E, Male color forms; F-J, 







Figure 2.12.  Dorsal chaetotaxy of Entomobrya atrocincta: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 






Figure 2.13. Distribution map for Entomobrya atrocincta.  Sample localities for specimens examined and 
collected for this study are represented as red circles.  Additional reported localities (Christiansen and Bellinger 
1998) are within the grey area. 
 
 
Entomobrya bicolor Guthrie 1903 
Figures 2.4, 2.6A, 2.14 – 2.16 
Description 
Body shape and color pattern. Body elongate and cylindrical. Only one reported color 
form in adults (Figure 2.14A), dark brown or black pigment covering whole body except for 
a white band across Abd. 1, 2 and medial area of Abd. 3; Abd. 5 sometimes with 1+1 pale 
spots; legs, furcula, Abd. 6 pale, lacking all dark pigmentation; antennae lightly colored with 
brown or purple pigment, usually with a white area on distal half of 1st antennal segment. 
Juvenile pattern distinct from adult, yellow background without dark pigment except for 
eyepatch; legs, furcula, Abd. 6 pale, lacking all dark pigmentation; antennae with light purple 
pigment. (Figure 2.14B), 
Head. Apical bulb of 4th antennal segment usually bilobed. Prelabral setae ciliate. 
Labral papillae with a single seta or spine-like projection (Figure 2.4). Labial chaetotaxy 
typical for genus; M1, r, E, L1, L2; all ciliate; r is significantly smaller than other setae; A1-
A5 smooth; one individual with 2 small supplementary ciliate microsetae internal to M1.  
Dorsal head chaetotaxy as in Figure 2.15A: macrosetae An’0, A6, S’0, S6, Ps3, Ps5, Pi1, Pi3, 
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and Pm1i always absent; An3a3 usually absent (present on one side in one specimen). Eye 
patch well with 5 setae.  
Thorax. Thoracic chaetotaxy abundantly developed, highly variable with many 
supplemental macrosetae. Th. 2 macrosetae p6e and p6ep absent, macrosetae m4i2, m4i3, and p6 
polymorphic (Figure 2.15B). Th. 3 macrosetae a5e3, m4, m5p, a6i, a7, and m7 are absent (Figure 
2.15C). Chaetotaxy of zone Pm of both thoracic segments densely packed with many 
supplemental macrosetae, forming wing-like patches of posterior setae extending near 
anterior row, typical for species within the E. bicolor complex (See Figure 2.7D). Position of 
pseudopore’s on Th. 3 atypical for Entomobrya, displaced anteriorly and closer to macrosetae 
a1, a2, and a3 than in other species. 
Abdomen. Abdominal chaetotaxy highly developed. Row of microsetae along entire 
posterior margin present in all segments (not displayed in figure). Abd. 1 with 12 macrosetae 
(Figure 2.15D). Abd. 2 macroseta M3eai always absent, M3ei sometimes present (Figure 
2.15E).  Abd. 3 macrosetae a2, a3, m3, am6, pm6, p5, p6 present. a1 always absent (Figure 
2.15F).  Abd. 4 elongated, with at least 22 inner macrosetae (Figure 2.15G), number of 
macrosetae extremely variable between individuals and within individuals (bilateral 
polymorphisms and asymmetries).  Position of pseudopores on Abd. 4 unstable, even varying 
with respect to macroseta and bothriotricha between sides on same individual (Figure 2.6A). 
 
Remarks 
 This species has a single, highly stable color form that is easily recognizable and 
perfectly acceptable for diagnosis (Figure 2.14A). The molecular analysis performed in the 
previous chapter revealed that a small specimen found with E. bicolor, which was completely 
yellow and lacking all dark pigment, is the juvenile form of E. bicolor (Figure 2.14B).  The 
E. bicolor juvenile color form has never been reported in the literature. Unfortunately, it may 
be difficult to diagnose juvenile members of this species if collected without adults present in 
the sample.   
 Christiansen (1958a) placed this species in what he termed “the E. bicolor group”; a 
complex of three closely related species; E. quadrilineata, E. decemfasciata, and E. bicolor.  
This group is characterized by a highly elongate, cylindrical body, a relatively long furcula, 
antennae and legs, and by their unique and highly variable chaetotaxy; many duplicate, 
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supplementary macrosetae, distinctive and augmented chaetotaxic patterns in thoracic zone 
Pm, expanded chaetotaxy of Abd. 4, and high levels of bilateral polymorphism and 
asymmetry.  The lack of useful diagnostic morphology and the extreme chaetotaxic variation 
causes character overlaps between species in this complex and obscures most informative 
chaetotaxy. The absence of head macroseta Ps5 is the only consistent and informative 
chaetotaxic character that differentiates E. bicolor from E. decemfasciata and E. 
quadrilineata.  Color pattern is critical for species diagnosis within this complex.  See Table 
2.5 for a summary of the important diagnostic characters to separate species in this complex. 
 
Distribution 
Endemic to North America.  See Figure 2.16 for distribution map and Table 1.1 for a 








Figure 2.14.  Color patterns of Entomobrya bicolor collected for this study: A, adult; B, young instar juvenile. 






Figure 2.15.  Dorsal chaetotaxy of Entomobrya bicolor: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 





Figure 2.16. Distribution map for Entomobrya bicolor.  The sample locality for specimens examined in this 
study is represented as a red circle. Additional reported localities (Christiansen and Bellinger 1998) are within 
the grey area.  
 
 
Entomobrya bruneavillosa n. sp.  
Figures 2.17 - 2.19 
Etymology 
 The word brunea is Latin for brown, referring to the background color of the cuticle.  
The word villosa is Latin for shaggy or hairy and refers to the abundance of dorsal 
macrosetae; “brown and hairy”. 
 
Description 
Body shape and color pattern. Body cylindrical, slightly dorsoventrally flattened. 
Color pattern monomorphic (Figure 2.17): light brown background with black pigment 
forming dark transverse bands across the posterior margins of Abd. 4, Abd. 5, and Abd. 6; 
dark pigment present along lateral margins of Th. 2 through Abd. 2, forming two lateral 
stripes.  Two patches of dark pigment usually present medially on Abd. 4 and may appear to 
form an incomplete irregular transverse band; Th.2 entirely white except for black pigment 
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lining anterior and lateral margins; legs range in color from white to light brown to purple 
near the apex. 
Head. Apical bulb of 4th antennal segment usually simple. Prelabral setae ciliate. 
Labral papillae with 2-3 seta or spine-like projections (Figure 2.4). Labial chaetotaxy typical 
for genus: M1, r, E, L1, L2 all ciliate; r is significantly smaller than others; A1-A5 smooth.  
Dorsal head chaetotaxy as in Figure 2.18A: macrosetae An’0, A3a2, A3a3, M3i, S6, Ps3, and Ps5 
always absent; Pi1 and Pm1i present or absent; S’0 always present. Eye patch well with 5 
setae.  
Thorax. Thoracic chaetotaxy well developed (Figure 2.18B). Th. 2, with all described 
macrosetae present, except m4i3. Th. 3 macrosetae a5e3, m4, m5p, and a7 absent (Figure 2.18C). 
Zone Pm (Figure 2.7) with many supplemental macrosetae present in both thoracic segments.   
Abdomen. Abdominal chaetotaxy abundantly developed. Abd. 1 with 12 macrosetae 
(Figure 2.18D). Abd. 2 macrosetae variable: a2, a3, m3, m3ep, m3e, m3ei, m3ea, and m5 always 
present; m3ep2 and m3eai sometimes present (Figure 2.18E).  Abd. 3 macrosetae a2, a3, m3, 
am6, pm6, and p6 present; a1 always absent (Figure 2.18F).  Abd. 4 chaetotaxy stable, with 7 
macrosetae interior to bothriotricha T2 and T4 (Figure 2.18G). 
 
Remarks 
This species is closely related to E. clitellaria and both share similar chaetotaxy.  
However, these two species, each with distinctive color forms, can be easily separated by 
color pattern alone; E. bruneavillosa n. sp. does not have dark pigment on Th.3 through Abd. 
3. The presence of head macrosetae S’0 and the absence of head macrosetae Ps5 also separate 
E. bruneavillosa n. sp. from E. clitellaria.  The color pattern and chaetotaxy exhibited by this 
species have not been reported in the literature. 
 
Distribution 
 Endemic to North America. E. bruneavillosa n. sp. has a unique color pattern that has 
never been previously reported in the literature, and was collected from a single locality: 
Conecuh National Forest in Covington County, Alabama. See Figure 2.19 for a distribution 






Figure 2.17. Dorsal color patterns of Entomobrya bruneavillosa n. sp. collected for this study. Lateral and 
dorsal views for two individuals: A, B and C, D. Both photographed specimens were collected from Covington 







Figure 2.18.  Dorsal chaetotaxy of Entomobrya bruneavillosa n. sp.: A, Head; B, Mesothorax; C, Metathorax; 
D, 1st abdominal segment; E, 2nd abdominal segment (Abd. 2); F, 3rd abdominal segment; G, 4th abdominal 







Figure 2.19. Distribution map for Entomobrya bruneavillosa n. sp.  The sample locality for specimens 
examined in this study is represented as a red circle.   
 
 
Entomobrya citrea n. sp. 
Figures 2.4, 2.20 – 2.22 
Etymology 
 This species is named after the locality it was collected in: Citrus County, Florida.  
Citrea is Latin for citrus (tree). 
 
Description 
Body shape and color pattern. Body dorsoventrally flattened. Color pattern 
monomorphic (Figure 2.20): background white, or slightly yellow, with black and traces of 
dark brown pigmentation forming transversal bands and spots.  Thorax dorsal pigmentation 
patchy and irregular.  Abd. 2 usually with 2 dark lateral spots. Posterior margin Abd. 2 and 
the anterior margin of Abd. 4 with a dark transverse band. Abd. 4 with a conspicuous 
irregular dark transverse band medially. The antennae are completely pigmented purple. 
Head. Apical bulb of 4th antennal simple. Prelabral setae with very fine ciliations that 
look smooth at low magnification under light microscopy. Labral papillae with 3-4 spine-like 
projections on the inner papillae and 2 spine-like projections on the external papillae. Labial 
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chaetotaxy typical for genus: M1, r, E, L1, L2 ciliate; r significantly smaller than other setae; 
A1-A5 smooth.  Dorsal head chaetotaxy slightly reduced (Figure 2.21A): macrosetae An’0, 
A6, M3, M3i, S’0, S1, Pi1, Pa2, Pa3, Pm2, and Pm1i always absent; An3a3 present, 
asymmetrically absent in one specimen. Eye pacth well with 5 setae. 
Thorax. Thoracic chaetotaxy reduced and fixed, no macrosetae variation observed. 
Row of microsetae along entire posterior margin of Th. 2 and Th. 3 (not displayed in 
figures). Th. 2, with a5 and posterior macrosetae p4, p5, p6, p6e, and p6ep (Figure 2.21B).  Th. 
3, with 7 macrosetae present: a5, a6, m5, m6, m7, p4, and p6; macrosetae a1, a2, and a3 absent 
(Figure 2.21C). Zone Pm (Figure 2.7) without macrosetae. 
Abdomen. Abdominal chaetotaxy reduced and stable; no macrosetae variation 
observed. Abd. 1 only with macroseta a5 (Figure 2.21D). Abd. 1 row of microsetae along 
posterior margin is present (not displayed in figure). Abd. 2 with 4 macrosetae: a3, m3, m3e, 
and m5 (Figure 2.21E). Abd. 3 with 4 macrosetae: a2, m3, pm6, and p6; mesosetae a2a 
sometimes present, inserted slightly anterior and exterior to a2; socket of a2a large, resembling 
that of macroseta a3, but its close proximity to a2 suggests a duplication of a2 rather than 




This species is closely related to E. assuta; both have highly compressed, or 
dorsoventrally flattened bodies, reduced chaetotaxy, and similar color patterns.  Head 
macroseta Ps3 and Abd. 2 macroseta a3 are both present in E. citrea n. sp., but are absent in 
E. assuta. These species can also be separated by color pattern and morphology of the labral 
papillae (Figure 2.4). 
See remarks for E. assuta for specific diagnosis information. Only a few specimens 
were observed from one locality.  Additional sampling may reveal more variation in color 








Endemic to North America. Reported from a single locality: Chassahowitzka 
National Wildlife Refuge in Citrus County, Florida. See Figure 2.21 for a distribution map 











Figure 2.20. Color pattern of Entomobrya citrea n. sp. collected for this study. Lateral (A) and dorsal (B) views 





Figure 2.21.  Dorsal chaetotaxy of Entomobrya citrea n. sp.: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 






Figure 2.22. Distribution map for Entomobrya citrea n. sp.  The sample locality for specimens examined in this 
study is represented as a red circle. 
 
 
Entomobrya clitellaria Guthrie, 1903 
Figures 2.4, 2.23 – 2.25 
Description 
Body shape and color pattern. Body dorsoventrally flattened. Dimorphic color 
pattern, unrelated to sex (Figure 2.23): dark blue, purple, or black pigment covers Th. 3 and 
Abd. 1-3. Abd. 4 usually white, yellow, or orange with variable levels of pigment ranging 
from an irregular medial transverse band, randomly distributed irregular patches, or 
completely pigmented. Th. 2 always white, with a dark band along the anterior margin; 
medial area of Th. 2 almost transparent in some specimens and internal fat bodies can be 
observed through the cuticle under a dissecting microscope.  Darker specimens with head 
mostly covered by dark pigment.  Antennae usually entirely covered by purple pigment, but 
some specimens have a mixture of orange, brown, and purple coloration. 
Head. Apical bulb of 4th antennal segment usually simple, sometimes bilobed. 
Prelabral setae ciliate. Labral papillae with a single seta or spine-like projection (Figure 2.4). 
Labial chaetotaxy as M1, r, E, L1, L2: all posterior setae ciliate; r significantly smaller than 
other setae; A1-A5 smooth; one individual with 1 small supplementary ciliate microsetae 
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internal to M1.  Dorsal head chaetotaxy (Figure 2.24A) with macrosetae An’0, A3a3, M3i, S’0, 
S6, and Ps3 always absent; An3a2 usually present; Pi1, Pm1, Pm1i, and Pp2 present or absent.  
Eye patch well with 5 ciliate microsetae.  
Thorax. Thoracic chaetotaxy well developed, with some slight variation. Th. 2 
macrosetae m4i3 absent, m1i usually present (Figure 2.23B). Th. 3 macrosetae a5e3, m4, m5p, 
and a7  absent (Figure 2.23C). Both thoracic segments with many supplemental macrosetae in 
zone Pm (Figure 2.23B, C but see Figure 2.7). 
Abdomen. Abdominal chaetotaxy highly developed. Abd. 1 with 8-13 macrosetae 
(Figure 2.23D). Abd. 2 macroseta a2, a3, m3, m3ep, m3e, and m5 present; M3ei and M3ea usually 
present and M3eai usually absent (Figure 2.23E).  Abd. 3 macrosetae a2, a3, m3, am6, pm6, and 
p6 present; a1 always absent (Figure 2.23F).  Abd. 4 chaetotaxy stable, with 7 macrosetae 
between bothriotrichal compelxes (Figure 2.23G).  
 
Remarks 
This species has a relatively conspicuous and diagnostic color pattern, but may be 
confused with the male E. atrocincta. However, there are obvious differences in their 
morphology outlined in Table 2.3.  Christiansen and Bellinger (1998) described six different 
color forms.  However, after extensive examination of material collected for this study, it was 
determined that many (but not all) of the color forms they described were most likely 
variants within a continuous gradient of color pattern variation, without clear genetic 
isolation (Chapter 1). It was difficult to circumscribe and designate discrete color forms due 
to the presence of many intermediate forms.  Only two color forms were distinct enough to 
be recognized; 1) without pigment on Abd. 4 and 2) with pigment on Abd. 4.  The two lighter 
forms (labeled E and F in Christiansen and Bellinger 1998) proved to be elusive and were not 
collected during this study.  
This species is closely related to E. burneavillosa n. sp., but can be easily separated by color 
pattern, chaetotaxy, and morphology of the labral papillae. The absence of head macrosetae 
S’0 and the presence of head macrosetae Ps5 separate E. clitellaria from E. bruneavillosa n. 
sp.  Labral papillae morphology also differs between these species: E. bruneavillosa n. sp. 
has two or three seta or spine-like projection on each papilla, while E. clitellaria only has one 




 Endemic to North America. See Figure 2.24 for a distribution map and Table 1.1 for a 





Figure 2.23. Color patterns of Entomobrya clitellaria collected for this study. Photographed specimens are 
from the following localities: A) Monroe Co., IL; B) Jasper Co., IL; C) Kankakee Co., IL; D) Monongalia Co., 






Figure 2.24.  Dorsal chaetotaxy of Entomobrya clitellaria: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 







Figure 2.25. Distribution map for Entomobrya clitellaria.  Sample localities for specimens examined and 
collected for this study are represented as red circles.  Additional reported localities (Christiansen and Bellinger 
1998) are within the grey area.  
 
 
Entomobrya decemfasciata Packard, 1873 
Figures 2.4, 2.6B, 2.7D, 2.26 – 2.29 
Description 
Body shape and color pattern. Body very elongate and cylindrical with mesothorax 
forming a slight hump behind head. Color pattern remarkably variable with continuous 
variation and many intermediate forms (Figure 2.26).  Typical pattern without thoracic bands 
but with 2-4 irregular, angled bands on lateral margins of abdomen. Color also variable 
ranging from white, yellow, orange, or sometimes light blue or purple background with 
black, dark blue, or brown pigment forming bands. Dark bands outlining posterior and lateral 
margins of Th. 2 and Th. 3 sometimes present. Apex of femora usually with a dark patch.  
Head either entirely blue or purple, or lacking all pigment except for the eye patches.  Dark 
patches of pigment usually occur on distal end of antennal segments 2-4. Juveniles usually 
with light blue pigment background and faint brown abdominal banding. 
Head. Apical bulb of 4th antennal segment usually bilobed or simple, but up to 6 
distinct lobes has been observed. Prelabral setae ciliate. Labral papillae with single seta or 
spine-like projection (Figure 2.4). Labial chaetotaxy slightly irregular and atypical for this 
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genus: M1, r, E, L1, L2 ciliate; r significantly smaller than other setae; A1-A5 smooth; 
sometimes 2 additional ciliate setae inserted interior of M1 and A1, respectively, often 
relatively difficult to observe. Dorsal head macrosetae (Figure 2.27A) An’0, An3a3, S’0, S6, 
Ps3, and Pm1i absent; A6 sometimes present. Eye patch well with 5 setae. 
Thorax. Thoracic chaetotaxy developed, highly variable, with many supplemental 
macrosetae. Th. 2 macrosetae p6, p6e and p6ep absent.  Zone A enlarged and usually merges 
with medial macrosetae forming a single, large patch of setae (Figure 2.27B, but see Figure 
2.7D). Th. 3 macrosetae a5e3, m4, m5p, a6i, a7, and m7 absent (Figure 2.27C). Zone Pm also 
enlarged on both thoracic segments, with many supplemental macrosetae present forming 
wing-like patches of posterior setae extending near the anterior row (Figure 2.7D). Insertion 
of  pseudopore on Th. 3 different from most Entomobrya, displaced anteriorly, very close to 
macrosetae a1, a2, and a3.  Additional duplicate or supplementary setae often form columns 
inside of a1.   
Abdomen. Abdominal chaetotaxy also extensively developed. Row of microsetae 
along entire posterior margin present in all segments (not displayed in figure). Abd. 1 with 
16-30 macrosetae (Figure 2.27D). Abd. 2 macroseta M3ei always present,  with up to 4 
additional supplementary macrosetae (possibly including M3eai) internal to m3e; macrosetae 
a2, a3, m3, m3e, m3ep, m3ep2, m3ea, m5, p5, and p6 present (Figure 2.27E).  Abd. 3 with 
macrosetae a2, a3, m3, am6, pm6, and p6; a1 absent (Figure 2.27F).  Abd. 4 very elongated, 
with at least 25 inner macrosetae (Figure 2.27G), but number of macrosetae exhibits extreme 
variation between individuals and even within a single individual (bilateral polymorphism 
and asymmetry).  Insertion of pseudopores on Abd. 4 varying with respect to macroseta and 
bothriotricha even in same individual (Figure 2.6B). 
 
Remarks 
This species belongs to the E. bicolor group (see remarks for E. bicolor), and exhibits 
high levels of variation in both color pattern and chaetotaxy. E. decemfasciata is perhaps the 
most setaceous species of Entomobrya ever reported, clothed in hundreds of macrosetae. This 
abundant and highly-variable chaetotaxy provides few characters to differentiate E. 
decemfasciata from E. bicolor and E. quadrilineata. However, clear differences in color 
pattern can be observed between these species; E. bicolor lacks band or stripes, E. 
86 
 
quadrilineata always has two parallel longitudinal stripes extending from the thorax through 
Abd. 2 and E. decemfasciata never has bands or stripes on the thorax. See Table 2.5 for 
important diagnostic characters to separate species within this complex. 
The considerable variation in chaetotaxy and color pattern and relatively high 
molecular divergences between E. decemfasciata color forms (see Chapter 1) indicate the 
presence of a cryptic species complex.  However, the lack of diagnostic characters between 
color forms does not allow the circumscription of new species at this time.  More specimens 
and additional molecular and morphological analyses are needed for further action. 
This species has a long history of taxonomic issues (Christiansen 1958a) and the 
separation of this species from E. quadrilineata during this study only became evident after a 
thorough molecular analysis outlined in chapter 1. Christiansen (1958a) separated E. 
decemfasciata from E. quadrilineata using color pattern, male genital plate, antennal ratios, 
and later added chaetotaxic characters in The Collembola of North America (Christiansen 
and Bellinger 1998). High variability in color pattern and chaetotaxy, deformation of 
antennae after slide mounting, and the difficulty of discerning the morphology of setae on the 
genital plate, lessens the utility of these characters for diagnosis.  Christiansen and Bellinger 
(1998) even suggested E. quadrilineata may be a variant form of E. decemfasciata and 
seemed uncertain regarding chaetotaxic differences. Furthermore, Christiansen (1958a) 
reported three distinct color forms for E. decemfasciata (all of which had a V-shape or two 
angled lateral bands on Abd. 2 and lacking thoracic stripes) and three distinct color forms for 
E. quadrilineata, one of which also lacks thoracic stripes.  During the course of this study, 
many color forms had been collected including forms both with and without thoracic stripes 
occurring together in the same sample.  These forms were sympatric, lacked a V-shape or 
two lateral angled bands on the 2rd abdominal segment, and both fit Christiansen and 
Bellinger’s (1998) description, consequently, were diagnosed as E. quadrilineata.  However, 
large molecular distances made it apparent that these two forms (with and without thoracic 
stripes) were clearly separate species (Chapter 1), warranting further diagnostic inquiry.  
Type specimens from the Illinois Natural History Survey were attained for both E. 
quadrilineata and E. decemfasciata.  Though both types, preserved alcohol, were in 
relatively poor condition, two longitudinal thoracic stripes were clearly observed on the E. 
quadrilineata specimen (Figure 2.28A and B).  Thoracic banding was not observed on the 
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type E. decemfasciata specimen (Figure 2.28C). Based on molecular evidence (Chapter 1) 
and the observations of types, specimens with the morphology corresponding to both E. 
quadrilineata and E. decemfasciata can be diagnosed by the presence or absence of parallel 
thoracic longitudinal stripes. Christiansen’s (1958a) report of an E. quadrilineata color form 
lacking thoracic stripes may have been a case of misidentification of E. decemfasciata.  If 
individuals with and without longitudinal bands were collected together, similar morphology 
and abdominal pigmentation may have led him to conclude that they were both E. 
quadrilineata. However, we now know that both species can occur in sympatry.  
 
Distribution 
Endemic to North America. See Figure 2.29 for a distribution map and Table 1.1 for a 






Figure 2.26. Color patterns of Entomobrya decemfasciata collected for this study.  Photographed specimens are 
from the following localities: A) Stewart Co., TN; B) Stewart Co., TN; C) Clay Co., AL; D) Sevier Co., TN; E) 





Figure 2.27.  Dorsal chaetotaxy of Entomobrya decemfasciata: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 





Figure 2.28.  Photographs of type specimens stored at the Illinois Natural History Survey, Champaign, IL.  
Lateral (A) and dorsal (B) views of a neo-paratype specimen of Entomobrya quadrilineata Bueker, 1939, 
Fountain Bluff, IL., V.15.1932, Ross & Mohr. Photograph C is the lateral view of a co-type specimen of 










Figure 2.29. Distribution map for Entomobrya decemfasciata.  Sample localities for specimens examined and 
collected for this study are represented as red circles.  Additional reported localities (Christiansen and Bellinger 
1998) are within the grey area.  
 
 
Entomobrya intermedia Brook, 1884 
Figures 2.4, 2.30 – 2.32 
Description 
Body shape and color pattern. Body oval and cylindrical. Color pattern monomorphic 
(Figure 2.30): yellow background with black, dark brown or purple pigment forming two 
incomplete, broken, longitudinal bands from Th. 2 through Abd. 3 and a conspicuous W-
shaped mark on Abd. 4. Usually with dark pigment covering the lateral margins of the head.  
Antennae light brown or purple becoming increasingly dark towards the apex.  
Head. Apical bulb of 4th antennal segment simple. Prelabral setae ciliate. Labral 
papillae each usually with 4 small spine-like projections (Figure 2.4). Labial chaetotaxy as 
M1, r, E, L1, L2, all ciliate; r significantly smaller than other setae; A1-A5 smooth.  Dorsal 
head chaetotaxy (Figure 2.31A) with macrosetae An’0, A3a2, A3a3, M3i, S’0, S4i, S6, Ps3, Pi1, 
and Pm1i absent; an additional macroseta external to A3 present in some specimens;  S1 and 
Pm1 usually present, but may be bilaterally asymmetrical.  Eye patch well with 5 ciliate setae.  
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Thorax: Thoracic chaetotaxy well developed and relatively stable. Th. 2 macrosetae 
a5, m1, m2, m2i, m4, m4p, m4pi, and m5 present (Figure 2.31B).  Posterior macrosetae (series P) 
present. Posterior sensilla, usually near p6, obscured in all specimens studied. Th. 3 
macrosetae a1, a2, a3, a4, a4i, a5, a6, m4, m5, m5i, and m6 present (Figure 2.31C). Posterior 
macrosetae  (series P) present. The chaetotaxy of zone Pm with a moderate number of 
supplemental macrosetae in both thoracic segments (Figure 2.31B, C, but see Figure 2.7).  
Abdomen. Abdominal chaetotaxy stable. Abd. 1 with 7 macrosetae (Figure 2.31D). 
Abd. 2 macroseta a2, a3, m3, m3e, and m5 present (Figure 2.31E). Abd. 3 with macrosetae a1, 
m3, am6, pm6, and p6 (Figure 2.31F).  Abd. 4 with 9-10 inner macrosetae (Figure 2.31G).  
 
Remarks 
Historically, this species was considered a synonym of E. nivalis.  However, clear 
differences in chaetotaxy (see Table 2.3) and color pattern separate the two species and other 
similar forms such as E. multifasciata and female E. atrocincta.  Entomobrya. intermedia can 
be easily identified by the presence of two longitudinal stripes and a W-shaped mark on Abd. 
4. Furthermore, molecular data supports the separation of this species from E. nivalis (see 
Chapter 1).  The combination of chaetotaxic characters outlined in Table 2.3 should be used 
in conjunction with color pattern characters to differentiate this species. Note that 
observation of chaetotaxy was only examined for specimens collected from Chester County, 
Pennsylvania. Specimens from additional localities may reveal more chaetotaxic variation 
than described here.  
The sensilla on Th. 3 (by p6 and m7 respectively), Abd. 1 (posterior, type 1), and on 
Abd. 2 (usually located posterior to macrosetae a2 and a3) were not observed. These sensilla 
are present in all other species, and were likely obscured. 
  
Distribution 
North America and Europe.  Records of E. nivalis in North America before 
Christiansen and Bellinger’s (1998) monograph are suspect since E. intermedia was 
previously considered synonym of E. nivalis (Christiansen 1958a). In fact, many records of 
E. nivalis (also E. multifasciata and female E. atrocincta), regardless of date, may be 
questionable due to similarity in color pattern with E. intermedia. See Figure 2.32 for North 
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Figure 2.30. Color pattern of Entomobrya intermedia collected for this study. The photographed specimen was 





Figure 2.31.  Dorsal chaetotaxy of Entomobrya intermedia: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 







Figure 2.32. Distribution map for Entomobrya intermedia.  The sample locality for specimens examined and 
collected for this study is represented as a red circle.  Additional reported localities (Christiansen and Bellinger 
1998) are within the grey area.  
 
 
Entomobrya ligata Folsom, 1924 
Figures 2.33 – 2.36 
Description 
Body shape and color pattern. Body oval and cylindrical. Color pattern stable, 
monomorphic (Figure 2.33), always with four transverse bands; two thin regular bands along 
the posterior margin of Th. 2 and Th.3 respectively, an irregular, patchy, thick band covering 
most of Abd. 3, and a highly irregular and sometimes broken band across the medial section 
of Abd. 4. A small patch of pigment covers Abd. 5 and Abd. 6. Patterns usually consisting of 
black or dark blue pigment with a yellow background. Dark pigment usually in patches along 
lateral margins of Th. 2 through Abd. 4. Antennae with purple pigment, darken near apex. 
Legs usually white, with small purple patches on apical end of femora.   
Head. Apical bulb of 4th antennal segment usually bilobed. Four prelabral setae finely 
ciliated, seemingly smooth at low magnification under light microscopy. Labral papillae with 
single seta or spine-like projections (Figure 2.4). Labial chaetotaxy typical for this genus; 
M1, r, E, L1, L2 ciliate; r significantly smaller than other setae; A1-A5 smooth.  Dorsal head 
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macrosetae (Figure 2.34A) An3a2, An3a3, A6, M3i, S’0, S6, Ps3, Pi1, Pm1i, and Pp2 absent; An’0, 
a short mesoseta located medially between both An0 present. Eye patch well with 5 setae. 
Thorax.  Th. 2 macrosetae a5, m1, m2, m2i, m4, m4pi, and m4i present (Figure 2.34B).  
Posterior macrosetae (series P) present. Th. 3, macrosetae a1, a2, a3, a4, a4i, a5, a5e, a6, a6i, m5, 
m5i, m6, m6e, and m7 present (Figure 2.34C); all posterior macrosetae (series P) present. Zone 
Pm in both thoracic segments (Figure 2.34B, C, but see Figure 2.7) with a moderate number 
of supplemental macrosetae.   
Abdomen. Abdominal chaetotaxy reduced; no macrosetae variation observed. Abd. 1 
with 4 macroseta: a5, m2, m3, and m4 (Figure 2.34D). Abd. 2 with 5 macrosetae: a2, m3, m3e, 
m3ep, and m5 (Figure 2.34E).  Abd. 3 with 3 macrosetae: m3, pm6, and p6 (Figure 2.34F).  
Abd. 4 with 6 inner macrosetae (Figure 2.34G). 
 
Remarks 
This species can be identified by the presence of four transverse bands, head mesoseta 
An’0, four macrosetae on Abd. 1, and only three microsetae in the eye patch well.  
Entomobrya unolineata n. sp. and E. neotenica n. sp. are both closely related to this species, 
forming the E. ligata complex; characterized by the presence of only three microsetae in the 
eye patch well, four macrosetae on Abd. 1, and six macrosetae on Abd. 4.  Entomobrya 
ligata can be separated from E. unolineata n. sp. and E. neotenica n. sp. by characters 
outlined in Table 2.6.   
E. ligata was first described by Folsom (1924) and redescribed by Christiansen (1958a).  
Both descriptions depict E. ligata with four dorsal transverse bands (Folsom described five 
bands; he considered the pigment on Abd. 5 and 6 an additional band), two of which occur 
on the posterior margins of the Th. 2 and Th. 3 respectively.  Many samples were collected 
for this study, sometimes with dozens of individuals from a single locality. All were 
originally diagnosed as E. ligata based on chaetotaxy described by Christiansen and Bellinger 
(1998).  However, a molecular investigation (Chapter 1), revealed that a population from 
Chester Co., Pennsylvania was highly divergent and genetically isolated from other 
populations.  The Pennsylvania population is morphologically identical to all of other 
sampled localities, but differentiated by the presence of a dark transverse thoracic band along 
the posterior margin of Th. 2.  This dark band was absent in all other localities and present in 
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all individuals collected from Pennsylvania.  The original descriptions by Folsom (1924) and 
Christiansen (1958a) described E. ligata with this band present and noted a lack of additional 
variations in color form.  Additionally, multiple type specimens were examined, all with a 
dark band along the posterior margin of Th. 2 (Figure 2.35). Therefore, the present species 
collected from Pennsylvania will be circumscribed as E. ligata; diagnosable and 
differentiated from E. unolineata n. sp. by the presence of a transverse band along the 
posterior margin of Th. 2. 
   
Distribution 
Endemic to North America. This species was collected from a single locality in 
Chester Co., Pennsylvania.  It has been reported to have a wide distribution, occurring east of 
the Mississippi River to the Atlantic coast (Figure 2.36). Though, these reported localities are 
questionable (especially those from the Smokey Mountains region west to the Mississippi 
River) and may have likely been misidentified E. unolineata n. sp. considering their identical 
chaetotaxy and similar color pattern.  See Figure 2.36 for a distribution map and Table 1.1 







Figure 2.33. Color pattern of Entomobrya ligata collected for this study. The photographed specimen is from 








Figure 2.34.  Dorsal chaetotaxy of Entomobrya ligata: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 












Figure 2.35. Photographs of Entomobrya ligata Folsom 1924 type specimens kept at the Illinois Natural 
History Survey, Urbana, IL: A, B, and C) Co-type specimens, Roorheesville?, NY 30Aug1923, M. J. Leonard; 








Figure 2.36. Distribution map for Entomobrya ligata.  The sample locality for specimens examined and 
collected for this study is represented as a red circle.  Additional reported localities (Christiansen and Bellinger 




Entomobrya multifasciata Tullberg, 1871 
Figures 2.4, 2.37 – 2.39 
Description 
Body shape and color pattern. Body oval and cylindrical. One primary color form, 
with slight variations (Figure 2.37); yellow background with black, dark brown or purple 
pigment forming 5 transverse bands along posterior margins of Th. 2 through Abd. 3. Abd. 4 
pattern variable, but usually with 2 triangular patches of pigment along posterior margin of 
segment that point anteriorly toward a W-shaped mark or broken and irregular transverse 
band. Abd. 5 and Abd. 6 mostly covered with dark pigment. Dark pigment present along 
lateral margins of all segments, sometimes in broken patches. Antennae light brown or purple 
pigment increasingly dark towards the apex.  
Head. Apical bulb of 4th antennal segment usually bilobed or simple. Prelabral setae 
ciliate. Labral papillae with 2 to 3 seta or spine-like projections (Figure 2.4). Labial 
chaetotaxy typical for this genus; M1, r, E, L1, L2 ciliate;  r significantly smaller than other 
setae; A1-A5 smooth.  Dorsal head macrosetae (Figure 2.38A) An’0, A3a2, A3a3, M3i, S’0, S4i, 
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S6, Ps3, Pi1, and Pm1i absent; S1 and Pm1 usually present, but may be bilaterally 
asymmetrical.  Eye patch well with 5 setae.  
Thorax. Th. 2 macrosetae a5, m1, m2, m4, and m4pi present (Figure 2.38B); m1i and m2i 
sometimes present; posterior macrosetae (series P) present. Th. 3 macrosetae a1, a2, a3, a4, a5, 
a6, m5, m5i, m6, m6e, and m7 present (Figure 2.38C); a4i, a5e, and m4 sometimes present; 
posterior macrosetae (series P) present.  Zone Pm of both thoracic segments with moderate 
number of supplemental macrosetae (Figure 2.38B, C, but see Figure 2.7).   
Abdomen. Abd. 1 with 6-8 macrosetae (Figure 2.38D). Abd. 2 macroseta a2, a3, m3, 
m3e, and m5 are present (Figure 2.38E). Abd. 3 macroseta a1, a2, a3, m3, am6, pm6, and p6 
present (Figure 2.38F).  Abd. 4 with 8-12 inner macroseta (Figure 2.38G). 
 
Remarks 
Chaetotaxy and color pattern observed in this species is almost indistinguishable from 
that in female E. atrocincta.  Furthermore, variation in chaetotaxy displayed in E. atrocincta 
obscures most potentially diagnostic characters needed to distinguish E. multifasciata from 
E. atrocincta.   However, E. multifasciata can be recognized by the presence of head 
macroseta S4i and the morphology of labral papillae; E. multifasciata has two to three larger 
seta or spine-like projections per papillae, while E. atrocincta has three to four smaller, seta 
or spine-like projections per papillae (Figure 2.4).  See Table 2.3 for additional diagnostic 
characters separating E. multifasciata from E. nivalis and E. intermedia, which share similar 
color patterns but can be easily separated by chaetotaxy. 
The Nearctic distribution of this species remains unclear in light of the sexual 
dimorphism of E. atrocincta described in this study (see remarks for E. atrocincta).  
Christiansen and Bellinger (1998) report a widespread distribution, with localities found 
across the United States, but they also note that their records may be questionable as a result 
of likely misidentification. They describe labral papillae that resemble those belonging to E. 
atrocincta (possibly indicating diagnostic error); with three to four small, seta or spine-like 
projections. The labral papillae in E. multifasciata are similar, but have distinctly two to three 
larger, seta or spine-like projections (Figure 2.4). Christiansen and Bellinger (1998) report a 
male genital plate, presumably from an individual with the E. multifasciata pattern collected 
from Massachusetts, which eliminates the possibility that the specimen represented in the 
103 
 
drawing could have been the female form of E. atrocincta.  Since a small number of samples 
were collected in the Northeastern United States (Christiansen and Bellinger 1998), the 
presence of E. multifasciata in North America cannot be ruled out. However, during the 
course of this study, all specimens collected in North America with this color form were 
female E. atrocincta, usually accompanied by male E. atrocincta in the same sample. But for 
the purpose of investigation and description, specimens of E. multifasciata from São Miguel 
Island, Portugal were attained for this study. 
 
Distribution 
North America (Christiansen and Bellinger 1998), Hawaii (Christiansen and Bellinger 
1992), Europe and Russia (Jordana 2012). Records from North America and Hawaii are 
questionable due to likely misidentification of E. atrocincta females. See Figure 2.39 for a 





Figure 2.37. Color patterns of Entomobrya multifasciata. All photographed specimens are from São Miguel 





Figure 2.38.  Dorsal chaetotaxy of Entomobrya multifasciata: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 









Figure 2.39. Distribution map for Entomobrya mutlifasciata.  Reported localities (Christiansen and Bellinger 
1998) are within the grey area. Note these localities are highly suspect. Specimens may have been misidentified 
considering their color pattern and chaetotaxy is very similarity to E. atrocincta females. All E. multifasciata 
specimens examined in this study were collected from São Miguel Island, Azores, Portugal.  
 
 
Entomobrya neotenica n. sp.  
Figures 2.4, 2.40 – 2.42 
Etymology 
 This species is named for its apparent neoteny; small size and reduced chaetotaxy. 
 
Description 
Body shape and color pattern. Body oval and cylindrical. One primary color form 
(Figure 2.40): white and yellow or orange background with black or dark purple pigment 
forming two lateral triangles  on the sides Abd. 3; triagles sometimes reduced to irregular 
patches. Additional irregular patches of pigment usually on lateral margins of all segments.  
A band sometimes present along posterior margin of Th. 2.  Abd. 5 with 2 dark spots, 
sometimes forming irregular triangular shapes.  Antennae usually light purple near apex and 
relatively long. Legs usually white, with small purple patches on apical end of femora.   
Head. Apical bulb of 4th antennal segment simple or bilobed. Prelabral setae finely 
ciliate, appearing smooth under light microscopy. Labral papillae with single seta or spine-
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like projections (Figure 2.4). Labial chaetotaxy typical for this genus; M1, r, E, L1, L2 
ciliate; r significantly smaller than other setae; A1-A5 smooth.  Dorsal head chaetotaxy 
reduced (Figure 2.41A), macrosetae An’0, An3a2, An3a3, A6, M3i, S’0, Ps3, Pi1, Pi2, Pm1, Pm1i, 
and Pp2 absent; S5i usually present; S4i and S6 usually absent. Eye patch well with 3 setae.  
Thorax. Thoracic chaetotaxy reduced, with relatively few supplementary setae. Th. 2 
macrosetae a5, m1, m2, m4, m4p, m4pi, and m4i present (Figure 2.41B); all posterior macrosetae  
(series P) present. Th. 3 macrosetae a1, a2, a3, a4, a4i, a5, a5e, a6, a6i, m5, m5i, m6, m6e, and m7 
present (Figure 2.41C). Both thoracic segments with few supplemental macrosetae present in 
zone Pm (Figure 2.39B, C, but see Figure 2.7).   
Abdomen. Abdominal chaetotaxy reduced; no macrosetae variation observed. Abd. 1 
with 4 macrosetae; a5, m2, m3, and m4 (Figure 2. 41D). Abd. 2 with 4 macrosetae: a2, m3, m3e, 
and m5 (Figure 2. 41E). Abd. 3 with 3 macrosetae: m3, pm6, and p6 (Figure 2. 41F).  Abd. 4 
with 6 inner (Figure 2. 41G). 
 
Remarks 
Entomobrya neotenica n. sp. has a unique color pattern and chaetotaxy never before 
reported in the literature.  This species is exceptionally small compared to most Nearctic 
Entomobrya. In fact, most individuals were thought to be juvenile forms of E. ligata prior to 
the observation of the male genital plate. This species is included within the E. ligata 
complex (see remarks for E. ligata) and can be diagnosed by the presence of two lateral dark 
triangular shapes or irregular spots on Abd. 3, only 3 setae in eye patch well, and the absence 
of head mesoseta An’0 and Abd. 3 macroseta m3ep.  Entomobrya neotenica n. sp. is very 
similar to E. ligata and E. unolineata n. sp., but can be separated by characters outlined in 
Table 2.6.   
  
Distribution 
Endemic to North America.  See Figure 2.42 for a distribution map and Table 1.1 for 





Figure 2.40. Color pattern of Entomobrya neotenica n. sp. collected for this study. Lateral and dorsal views for 








Figure 2.41.  Dorsal chaetotaxy of Entomobrya neotenica n. sp.: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 







Figure 2.42. Distribution map for Entomobrya neotenica n. sp.  Sample localities for specimens examined and 
collected for this study are represented as red circles.  
 
 
Entomobrya nivalis Linnaeus 1758 
Figures 2.4, 2.43 – 2.45 
Description 
Body shape and color pattern. Body cylindrical. One primary, but variable, color 
form (Figure 2.43): yellow or white background with black, dark brown or purple pigment 
always forming thin transverse bands along the posterior margin of Th. 3, and Abd. 2 through 
Abd. 6.  Additional transverse bands present or absent on Th. 2 and Abd. 1. Abd. 4 usually 
with U-shaped or “11”-shaped pattern connecting basally with band along posterior margin.  
Antennae usually lack dark pigmentation, sometimes with light brown or purple pigment, 
darkening near the apex.  
Head. Apical bulb of 4th antennal segment usually bi- or trilobed. Prelabral setae 
ciliate. Labral papillae usually with 3-4 small seta or spine-like projections per papilla 
(Figure 2.4). Labial chaetotaxy as M1, r, E, L1, L2, all ciliate; r significantly smaller than 
others; one specimen with a supplemental ciliate seta internal to M1 (one side only); A1-A5 
smooth.  Dorsal head chaetotaxy (Figure 2.44A) with macrosetae An’0, A3a2, A3a3, M3i, S’0, 
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Ps3, Pi2, Pi3, Pm1i, and Pm2 absent; S1 usually present, A6, S6, Ps3, and Pa2 sometimes present.  
Eye patch well with 5 or 6 setae.  
Thorax. Th. 2 macrosetae a5, m1, m2, m4, m4i, m4pi, and m5 present (Figure 2.44B); 
m2i and m2i2 usually present; m1i and m4p sometimes present; all posterior macrosetae (series 
P) are present. Th. 3 macrosetae a1, a2, a3, a4, a4i, a5, a6, a7, m5, m5i, m6, and m7 present 
(Figure 2.44C); most posterior macrosetae (series P) present, p3 present or absent. Both 
thoracic segments with a moderate number of supplemental macrosetae in zone Pm (Figure 
2.44B, C, but see Figure 2.7).   
Abdomen. Abd. 1 with 7-10 macrosetae (Figure 2.44D). Abd. 2 macroseta a2, a3, m3, 
m3e, m3ep, and m5 present; m3ei and m3ea usually absent (Figure 2.44E).  Abd. 3 macroseta a1, 
m3, am6, pm6, and p6 present (Figure 2.44F); a3 usually absent. Abd. 4 with 7-8 inner 
macrosetae (Figure 2.44G). 
 
Remarks 
This species has a highly variable color pattern with many intermediate forms that 
intergrade with E. atrocincta females, E. intermedia, and E. multifasciata. However, E. 
nivalis can be separated from these species by chaetotaxy (Table 2.3) and, with careful 
consideration, color form; the presence of a U-shaped or “11” shaped pattern on Abd. 4 is 
unique to this species. However, it is critical to evaluate chaetotaxy in addition to color 
pattern when making a species diagnosis.  
The posterior sensilla, usually near p6 on Th. 2 was not observed. This character is 
present in all other species, and was likely obscured. 
 
Distribution 
North America and Europe. Records of E. nivalis are suspect if diagnosed without 
considering chaetotaxic characters given the similarities in color form expressed by E. 
atrocincta females, E. intermedia, and E. multifasciata.  See Figure 2.45 for a distribution 






Figure 2.43. Color pattern of Entomobrya nivalis collected for this study. Photographed specimens are from the 
following localities: A) Lamoille Co., VT; B) Sauk Co., WI; C) Hancock Co., ME; D) Lamoille Co., VT; E) 





Figure 2.44.  Dorsal chaetotaxy of Entomobrya nivalis: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 




Figure 2.45. Distribution map for Entomobrya nivalis.  Sample localities for specimens examined and collected 
for this study are represented as red circles.  Additional reported localities (Christiansen and Bellinger 1998) are 
within the grey area.  
 
 
Entomobrya quadrilineata Bueker, 1939 
Figures 2.4, 2.6C, 2.28, 2.46 – 2.47 
Description 
Body shape and color pattern. Body very elongate and cylindrical. Color pattern 
monomorphic (Figure 2.46); white or yellow background with black or dark blue or purple 
pigment forming two dark parallel longitudinal stripes extending from anterior margin of Th. 
2 through posterior margin of Abd. 2.  Dark pigment present along lateral margins of Th.2 
through Abd. 2, forming 2 additional lateral longitudinal bands. Abd. 3 and Abd. 4. with 2 
angled bands. A small patch of dark pigment sometimes occurs medially on Abd. 3.  An 
irregular and (and sometimes incomplete) transverse band present along posterior margin of 
Abd. 4.  Abd. 5 with 2 small lateral patches of pigment sometimes forming 2 triangles.  Abd. 
6 usually pale, without dark pigment. Apex of femora usually with a patch of dark 
pigmentation.  Antennae usually with some light brown or purple pigment, darkening near 
apex. Longitudinal bands usually present in juveniles. 
Head. Apical bulb of 4th antennal segment usually bilobed. Prelabral setae ciliate. 
Each labral papilla with a single seta or spine-like projection (Figure 2.4). Labial chaetotaxy 
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slightly irregular and atypical: M1, r, E, L1, L2, all ciliate; r significantly smaller than other 
setae; a supplementary ciliate seta sometimes present internal to M1, and relatively difficult 
to observe; A1-A5 smooth.  Dorsal head chaetotaxy (Figure 2.47A) with macrosetae An’0, 
An3a3, A6, S’0, S6, Ps3, and Pm1i absent; Pi1 sometimes present. Eye patch well with 5 or 6 
setae.  
Thorax. Thoracic chaetotaxy greatly developed, with high levels of variation and 
many supplemental macrosetae. Th. 2 with all macrosetae described in other species present 
(Figure 2.47B). Zone A enlarged and sometimes merging with medial macrosetae forming a 
single, large patch of setae. Th. 3 macrosetae m4, m5p, a6i, and a7 absent (Figure 2.47C). Both 
thoracic segments with zone Pm enlarged, with many supplemental macrosetae present 
forming wing-like patches and extending near anterior row (Figure 2.47B, C, but see Figure 
2.4D). Th. 3 pseudopore displaced anteriorly, very close to macrosetae a1, a2, and a3 .   
Abdomen. Abdominal chaetotaxy highly developed. Row of microsetae along posterior 
margin present in all segments (not displayed in figure). Abd. 1 with 12-16 macrosetae 
(Figure 2.47D). Abd. 2 macrosetae a2, a3, m3, m3e, m3ep, m3ep2, m3ea, m5, p5, and p6 present 
(Figure 2.47E); m3ei usually present. Abd. 3 macrosetae a2, a3, m3, am6, pm6, and p6 present 
(Figure 2.47F); a1 absent.  Abd. 4 elongate, with at least 25 macrosetae internal to 
bothriotricha T2 and T4 (Figure 2.47G), but number of macrosetae extremely variable 
between individuals and even within single individuals (bilateral polymorphism and 
asymmetry).  Pseudopores on Abd. 4 inserted in different locations in same individual, even 
with respect to macroseta and bothriotricha (Figure 2.6C). 
 
Remarks 
This species is part of the E. bicolor complex. Many supplemental macrosetae and 
extreme chaetotaxic variation make it difficult to separate species in this group using 
chaetotaxy and other traditional morphological characters. However, there are clear 
differences in color pattern which can be used to differentiate E. quadrilineata from E. 
decemfasciata and E. bicolor (Table 2.5); E. quadrilineata has a relatively stable and easily 
distinguishable color pattern and can be diagnosed by the presence of two parallel 
longitudinal stripes extending from the anterior margin of Th. 2 through the posterior margin 
of Abd. 2 (Figure 2.46).  See remarks for E. decemfasciata for more information regarding 
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Endemic to North America.  Many records may be doubtful due to similar color 
pattern and chaetotaxy with E. decemfasciata.  Records of E. quadrilineata without thoracic 
stripes are most likely E. decemfasciata.  See Figure 2.48 for a distribution map and Table 








Figure 2.46. Color pattern of Entomobrya quadrilineata collected for this study. Lateral and dorsal views for 






Figure 2.47.  Dorsal chaetotaxy of Entomobrya quadrilineata: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 




Figure 2.48. Distribution map for Entomobrya quadrilineata.  Sample localities for specimens examined and 
collected for this study are represented as red circles.  Additional reported localities (Christiansen and Bellinger 
1998) are within the grey area.  
 
 
Entomobrya unolineata n. sp. 
Figures 2.4, 2.49 – 2.51 
Etymology 
 This species is named for the diagnostic character that distinguishes it from E. ligata: 
the lack of a transverse band along the posterior margin of the mesothorax.  It has one band 
or line along the posterior margin of the metathorax only; Latin words uno and lineata 
translate to “one line”.  
 
Description 
Body shape and color pattern. Body oval and cylindrical. Color pattern stable (Figure 
2.49), always with 3 transverse bands, 1 thin regular band along posterior margin of Th. 3, an 
irregular, patchy, thick band covering most of Abd. 3, and a highly irregular and sometimes 
broken band across medial section of Abd. 4. A small patch of pigment covers Abd. 5 & 6. 
Patterns usually consisting of black or dark blue pigment on a yellow background. Dark 
pigment usually occurring in patches along lateral margins of Th. 2 through Abd. 4. Small, 
rectangular black patches may occur in pairs on posterior margin of Th. 2, Abd. 1, and Abd. 
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2.  A faint transverse band sometimes on posterior margin of Th. 2, but if present, always 
much lower in opacity compared to transverse band along posterior margin of Th. 3. 
Antennae with purple pigment, darker near apex. Legs usually white, with small purple 
patches on apical end of femora.  A medial ring of purple pigment also occurs on tibiotarsus 
of hind legs. 
Head. Apical bulb of 4th antennal segment usually bilobed, sometimes simple. 
Prelabral setae finely ciliate, seemingly smooth at low magnification under light microscopy. 
Labral papillae with single seta or spine-like projection (Figure 2.4). Labial chaetotaxy as 
M1, r, E, L1, L2, all ciliate; r significantly smaller than other setae; A1-A5 smooth.  Dorsal 
head chaetotaxy (Figure 2.50A) with macrosetae A6, M3i, S6, Ps3, Pi1, Pm1i, and Pp2, absent; 
S’0 usually absent, but observed in 2 individuals; An’0, a short mesoseta present medially 
between both An0.  Eye patch well with 3 setae.  
Thorax.  Th. 2 macrosetae a5, m1, m2, m4, m4pi, and m4i present (Figure 2.50B).  All 
posterior macrosetae (series P) present; m2i2, m4p, and m5 sometimes present; 2 additional 
macrosetae sometimes present on either side of m4p. Th. 3 macrosetae a1, a2, a3, a4, a4i, a5, a5e, 
a6, a6i, m5, m5i, m6, m6e, and m7 present (Figure 2.50C); most posterior (series P) macrosetae 
present, p4 present or absent. Both thoracic segments with moderate number of supplemental 
macrosetae on zone Pm (Figure 2.50B, C, but see Figure 2.7).  
Abdomen. Abdominal chaetotaxy reduced and slightly variable. Abd. 1 with 4 
macrosetae: a5, m2, m3, and m4 (Figure 2.50D). Abd. 2 with 5 macrosetae: a2, m3, m3e, m3ep, 
and m5 (Figure 2. 50E); a3 usually absent.  Abd. 3 with 3 macrosetae: m3, pm6, and p6 (Figure 
2.50F); a3 and am6 usually absent. Abd. 4 with 6 inner macrosetae (Figure 2.50G). 
 
Remarks 
This species is part of the E. ligata complex (see remarks for E. ligata) and can be 
diagnosed by the presence of only three dark transverse bands, presence of head mesoseta 
An’0, 4 macrosetae on Ab. 1, and 3 eye patch well microsetae. This species is very similar to 
E. ligata and E. neotenica n. sp., but can be separated by characters outlined in Table 2.6.  
Though identical in chaetotaxy, molecular evidence (Chapter 1) and the absence of a dark 





Endemic to North America.  Many records of E. ligata, especially those collected 
from the Smokey Mountain region west to the Mississippi River, are very likely to be E. 
unolineata n. sp.  See Figure 2.51 for a distribution map and Table 1.1 for a list of material 








Figure 2.49. Color pattern of Entomobrya unolineata n. sp. collected for this study.   Photographed specimens 








Figure 2.50.  Dorsal chaetotaxy of Entomobrya unolineata n. sp.: A, Head; B, Mesothorax; C, Metathorax; D, 
1st abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale 





Figure 2.51. Distribution map for Entomobrya unolineata n. sp.  Sample localities for specimens examined and 
collected for this study are represented as red circles.   
 
 
Entomobrya unostriga Stach, 1930 
Figures 2.4, 2.7C, 2.52 – 2.54 
Description 
Body shape and color pattern. Body relatively robust and cylindrical. Color form 
largely monomorphic (Figure 2.52): white, pale green or yellow background with purple or 
black pigment forming a thin medial longitudinal stripe from anterior margin of Th. 2 to 
posterior margin of Abd. 5; band ostensibly thicker on Th. 3 through Abd. 3.  Patches of 
pigment forming a lateral line along margins of Th. 2 through Abd. 5, with variable spots of 
pigment present throughout.  Abd. 5 and Abd. 6 usually lack dark pigment. Legs and furcula 
white.  Antennae with light purple pigment.  
Head. Apical bulb of 4th antennal segment usually bilobed. Eyes G and H enlarged 
and similar in size to eyes C-F (Figure 2.53A, but see Figure 2.2B).  Prelabral setae ciliate. 
Labral papillae each with 2 seta or spine-like projections (Figure 2.4). Labial chaetotaxy as 
M1, r, E, L1, L2, all ciliate; r significantly smaller than other setae; A1-A5 smooth.  Dorsal 
head chaetotaxy (Figure 2.53A)with macrosetae An’0, A3a2, A3a3, A6, M3i, S’0, S6, Ps3, Pi1, 
Pa3, and Pm1i absent; S1, Pi2, and Pm1 usually present. Eye patch well with 5 setae.  
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Thorax. Thoracic chaetotaxy well developed and relatively stable. Th. 2 macrosetae 
a5, m1, m4, m4pi, and m5 present (Figure 2.53B); posterior macrosetae (series P) present. Th. 3 
macrosetae a5e2, a5e3, m4, m5p, and a7  absent (Figure 2.53C);  P4 usually present. Both 
thoracic segments with many supplemental macrosetae on zone Pm (Figure 2.53B, C, but see 
Figure 2.7C). 
Abdomen. Abdominal chaetotaxy highly developed and variable. Abd. 1 with 7-10 
macrosetae (Figure 2.53D). Abd. 2 macroseta a2, a3, m3, m3ep, m3e, m3ea, and m5 present 
(Figure 2.53E); m3ei usually present.  Abd. 3 macroseta a1, m3, am6, pm6, and p6 present 
(Figure 2.53F). Abd.4 with 10-16 macrosetae present interior to bothriotricha T2 and T4 
(Figure 2.53G). Anterior half of Abd. 4 usually with 1 or 2 conspicuous rows of macrosetae.  
 
Remarks 
This species can be easily diagnosed by color pattern; a thin medial longitudinal 
stripe from the anterior margin of Th. 2 to the posterior margin of Abd. 5.  Additional 
diagnostic characters are outlined in Table 1.1. 
Entomobrya unostrigata exhibits atypical morphology for a Nearctic Entomobrya. 
Eyes G and H are greatly enlarged and similar in size to eyes C-F; an uncommon trait, 
unobserved in other Nearctic Entomobrya. Additionally, macrosetae usually form 2 rows on 
the anterior half of Abd. 4; a pattern shared with many Palearctic Entomobrya and also with 
members in the genus Homidia, but not with other Entomobrya treated here. Entomobrya 
unostrigata is a recently introduced species, now with a widespread Nearctic distribution 
(Christiansen and Bellinger 1998), which may explain its distinction from other North 
American Entomobrya species included in the present study.  The E. unostrigata specimens 
observed for this study all have labral papillae, each with only two large seta or spine-like 
projections (Figure 2.4).  However, multiple variations of the labral papillae have been 
reported (Christiansen 1958a, Christiansen and Bellinger 1992, Christiansen and Bellinger 
1998, Jordana 2012). 
 
Distribution 
Nearctic and Palearctic distribution. See Figure 2.54 for a distribution map and Table 





Figure 2.52. Color patterns of Entomobrya unostrigata collected for this study. Lateral and dorsal views for 





Figure 2.53.  Dorsal chaetotaxy of Entomobrya unostrigata: A, Head; B, Mesothorax; C, Metathorax; D, 1st 
abdominal segment; E, 2nd abdominal segment; F, 3rd abdominal segment; G, 4th abdominal segment.  Scale bars 




Figure 2.54. Distribution map for Entomobrya unostrigata.  Sample localities for specimens examined and 
collected for this study are represented as red circles.  Additional reported localities (Christiansen and Bellinger 




The Bayesian analysis of 179 morphological characters from 21 taxa produced a 
single consensus tree with high support (Figure 2.55). When P. violenta is designated as the 
outgroup, the genera Homidia and Seira are retained in the ingroup, while E. assuta and E. 
citrea n. sp. form a monophyletic group basal to all other Entomobrya species and the 
invasive Willowsia. The topology of the tree assumes a ladder-like evolutionary progression 
that seems to be associated with an increase in the number of dorsal macrosetae. Entomobrya 
bicolor, E. decemfasciata, and E. quadrilineata (bicolor group, see Chapter 1), are 
characterized by an abundance of dorsal macrosetae and form the most derived monophyletic 
clade, while species with few macrosetae are found at the base of the tree.  Other clades 
identified by the molecular COI analysis in Chapter 1 were not resolved as monophyletic 
groups based on morphological characters.  
 
Combined phylogeny (COI and morphology) 
 The Bayesian analysis based on combined morphology (179 characters) and COI 
sequence (1539bp) datasets yielded a highly supported tree (Figure 2.56) that resolved all 5 
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monophyletic clades identified in Chapter 1 (COI data only).  The addition of molecular 
characters provides further resolution of deeper relationships among clades. However, 
relationships between clades closely resemble those indicated by the morphological analysis: 
a trend of progressive evolution towards an increased number of macrosetae.  The E. assuta 
clade along with P. violenta (outgroup), Willowsia, and Seira, all characterized by very few 
macrosetae, form basal groups to all other Entomobrya, while species with more macrosetae 
form derived groups. All three phylogenetic analyses; COI only (Chapter 1), morphology 
only, and combined, indicate that Entomobrya is paraphyletic. The addition of morphology to 
the molecular analysis does not provide more branch support than the COI only analysis (see 





Figure 2.55. Bayesian 50% majority rules consensus tree based on 179 morphological characters with 





Figure 2.56. Bayesian 50% majority rules consensus tree based on a combined dataset of COI (1539bp) and 















 The detailed examination of chaetotaxy from approximately 146 adult specimens 
representing 15 species of North American Entomobrya suggests that the exclusive use of 
chaetotaxy for species diagnosis and as phylogenetic characters can potentially cause serious 
taxonomic problems, at least for North American Entomobrya.  This study has uncovered 
high levels of previously undocumented intraspecific variation (see species descriptions) and 
bilateral asymmetry (Figure 2.6) of dorsal macrosetae.  For example, Christiansen and 
Bellinger (1998) separate many species based on the chaetotaxy of Abd. 2 and Abd. 3, but 
both regions have been shown to contain significant variation between individuals of the 
same species.  In the Collembola of North America (Christiansen and Bellinger 1998), 
species within the nivalis group (E. nivalis, E. atrocincta, E. multifasciata, and E. 
intermedia) are separated by a combination of color pattern and by the presence or absence 
of four macrosetae: m3ep on Abd. 2 and a1, a2, and a3 on Abd. 3. These characters are 
insufficient for the separation of these species due to overlapping intergrades of color forms 
and the presence macrosetae polymorphisms revealed in this study. It is unclear how many 
individuals Christiansen and Bellinger (1998) observed, but the present study demonstrates 
that the examination of many individuals is critical to properly identify variable chaetotaxy in 
order to choose important characters for species delimitation. Species in the bicolor group (E. 
bicolor, E. decemfasciata, and E. quadrilineata) present the most obvious example of when 
chaetotaxy fails to provide an adequate means for species separation.  Large numbers of 
macrosetae, extreme levels of variation, and the common occurrence of bilateral asymmetry, 
cause significant overlap and obscure the homology of many macrosetae otherwise 
considered important in species separation. Color pattern has been shown to be absolutely 
critical for the identification of species within this group.  
These problems are cause for concern considering the important role dorsal 
chaetotaxy has for the diagnosis and delimitation of species in the family Entomobryidae. 
Many species have been described based heavily on chaetotaxic characters, following 
Szeptycki’s (1979) nomenclatural system (Chen and Christiansen 1993, Jordana 2012).  The 
homology of macrosetae as defined by Szeptycki (1979) assumes that a fixed number of 
macrosetae occur in strict, predefined positions rather than randomly distributed within a 
given area. However, based on this logic, groups such as Entomobrya that exhibit 
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intraspecific variation, apparent differences in setae arrangements, bilateral asymmetry, and 
large numbers of supplemental setae, render decisions of homology a subjective and arbitrary 
process. Incorrect homology character assignments may “saturate” morphological data, 
obscuring any useful phylogenetic information provided by chaetotaxy. Homologies are 
certainly easier to determine between species in other genera characterized by low numbers 
of macrosetae, therefore, chaetotaxic characters likely provide accurate phylogenetic 
relationships among these groups.  
Post-embryonic studies that test setae homology hypotheses originally proposed by 
Szeptycki (1979) have been successful in understanding and refining setae homology of 
some setaceous species and groups (Soto-Adames 2008, Zhang et al. 2011), but these studies 
are laborious and are only conclusive for species and/or groups examined.  Explicit 
hypotheses concerning the underlying molecular mechanisms governing macrosetae 
development and position, to my knowledge, has only been tested in Diptera, but they 
generally support that it is a very complex and highly regulated process, controlled by 
multiple genes, that ensure macrosetae do occur in strictly defined locations (Simpson 1990, 
Heitzler et al. 1996, Leyns et al. 1996, Simpson et al. 1999, Furman and Bukharina 2008).  
However, whether or not Collembola macrosetae, and/or the genes that regulate them, are 
homologous to those of Diptera is unknown.  Information regarding the post-embryonic 
development of Entomobrya is very limited and mainly concerned with Palearctic species 
(Szeptycki 1979).  Additional research regarding the development of chaetotaxy is needed to 
provide adequate evidence for the homology of macrosetae for Nearctic Entomobrya species.  
 The phylogenies based on morphological and molecular data cannot alone provide 
adequate information regarding character homology without further investigation of 
character evolution, but they do illustrate the effects that chaetotaxic characters have on 
phylogenetic relationships. The trend of progressive evolution towards an increased number 
of macrosetae presented in the topology of both the morphology and combined phylogenies 
is suspicious. Entomobrya assuta and Entomobrya citrea n. sp., sister species characterized 
by reduced chaetotaxy, form a basal group, closely related to all scaled species included in 
the analysis (Pseudosinella, Willowsia, and Seira), which also have few macrosetae when 
compared to other Entomobrya. This association is not reflected in the analysis of COI alone 
(Chapter 1) and is likely due to the shared lack of macrosetae. Nevertheless, the combined 
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morphology and sequence analysis still retains the same species relationship within the five 
clades identified by the COI analysis.  These relationships are quite obvious and were 
proposed by Christiansen (1958a) before modern sequencing and dorsal chaetotaxy systems 
were available. 
In the present study I have provided 15 original species descriptions, including 4 new 
species, which deliver simpler and more accurate methods for species delimitation and 
diagnosis of North American Entomobrya, and serves as a starting point for further 
exploration of this group. The detection of previously undocumented intraspecific 
macrosetae variation highlights the importance of observing many specimens in order to 
sufficiently identify stable characters without questionable homology, and the need for 
caution when exclusively using chaetotaxic characters for species delimitation to avoid 
artificial taxonomic inflation. Detailed species descriptions that document chaetotaxic 
variation and the phylogenies based on morphology, COI (Chapter 1), and combined (COI 
and morphology) datasets attained in this study will also provide valuable and much needed 
information for future evaluations of character homology and phylogenetic significance of 
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Table 2.1.  List of all samples collected and/or examined in this study.   
Species Sample ID1 State County GPS N GPS W Habitat 
Collection 
date Collected by 
E. assuta 12-6 AL Covington 31.07900 -86.61203 Bark 2Jan2012 A. Katz 
E. assuta* 11-116 FL Taylor 30.06560 -83.91066 Bark 9Aug2011 A. Katz 
E. assuta* 11-60 IL Champaign 40.14462 -88.16543 Vegetation 7Jul2011 A. Katz 
E. assuta 11-26 IL Champaign 40.11514 -88.29000 Birds nest 8May2011 A. Katz 
E. assuta*  IL Iroquois 40.99279 -87.59734 Bark 19Aug1989 F. Soto 
E. assuta*  IL Iroquois 40.99279 -87.59734 Bark 19Aug1989 F. Soto 
E. assuta 11-73 IL Jasper 39.03293 -88.12516 Bark 15Jul2011 A. Katz, F. Soto 
E. assuta 11-142 IL Jo Davies 42.30565 -90.39740 Bark 26Aug2011 A. Katz 
E. assuta 11-143 IL Jo Davies 42.30565 -90.39740 Vegetation 26Aug2011 A. Katz 
E. assuta 11-148 IL Jo Davies 42.29895 -90.36967 Bark 27Aug2011 A. Katz 
E. assuta 11-153 IL Jo Davies 42.30170 -90.40345 Bark 27Aug2011 A. Katz 
E. assuta* 11-157 IL Jo Davies 42.30378 -90.40108 Bark 27Aug2011 A. Katz 
E. assuta* 11-6 IL Kankakee 41.19482 -87.96875 Birds nest 10Apr2011 A. Katz 
E. assuta* 11-82 IL Mason 40.40892 -89.87590 Vegetation 18Jul2011 A. Katz, F. Soto 
E. assuta 11-86 IL Mason 40.15246 -89.85330 Vegetation 18Jul2011 A. Katz, F. Soto 
E. assuta* 11-100 IL Piatt 40.06709 -88.56596 Bark 23Jul2011 A. Katz 
E. assuta 11-90 IL Pike 39.96868 -89.83386 Vegetation 18Jul2011 A. Katz, F. Soto 
E. assuta* 11-160 IL Pope 37.41350 -88.65982 Bark 24Sep2011 A. Katz 
E. assuta 11-59 IL Vermilion 40.20995 -87.74181 Vegetation 16Jun2011 A. Katz, F. Soto 
E. assuta*  IL Will 41.25118 -88.19494 Leaf litter 6-8Sep2011 F. Soto 
E. assuta*  MI St. Clair 42.65447 -82.52430 Bark 25Jul2008 E. Bernard 
E. assuta 12-50 PA Chester 40.06621 -75.37691 Vegetation 7Apr2012 A. Katz 
E. assuta*  TN Knox 35.94912 -83.94132 Bark Apr2010 E. Bernard 
         
E. atrocincta* 12-5 AL Clay 33.19723 -86.06325 Vegetation 2Jan2012 A. Katz 
E. atrocincta 11-15 IL Champaign 40.10110 -88.22963 Leaf litter 23Apr2011 A. Katz 
E. atrocincta* 11-17 IL Champaign 40.10071 -88.22812 Leaf litter 22Apr2011 A. Katz 
E. atrocincta* 11-25 IL Champaign 40.10047 -88.22840 Leaf litter 5May2011 A. Katz 
E. atrocincta 11-26 IL Champaign 40.11514 -88.29000 birds nest 8May2011 A. Katz 
E. atrocincta* 11-27 IL Champaign 40.11514 -88.29000 Squirrel nest 8May2011 A. Katz 
E. atrocincta* 12-24 IL Champaign 40.08063 -88.20828 Leaf litter 14Mar2012 A. Katz 
E. atrocincta  TN Knox 36.01023 -83.93829 Hornet nest 2Mar2008 E. Bernard 
E. atrocincta*  TN Knox 36.01023 -83.93829 Bark Apr2010 E. Bernard 
         
E. bicolor*  IL Henderson 41.03435 -90.91620 Sand prairie 8Jun2011 C. Deitrich 
         
E. bruneavillosa n. sp.* 12-6 AL Covington 31.07900 -86.61203 Bark 2Jan2012 A. Katz 
E. bruneavillosa n. sp.* 12-9 AL Covington 31.07900 -86.61203 Bark 2Jan2012 A. Katz 
         
E. citrea n. sp.* 11-134 FL Citrus 28.75997 -82.57583 Vegetation 12Aug2011 A. Katz, J. Cech 
E. citrea n. sp.* 11-136 FL Citrus 28.75997 -82.57583 Bark 12Aug2011 A. Katz, J. Cech 
         
E. clitellaria 11-60 IL Champaign 40.14462 -88.16543 Vegetation 7Jul2011 A. Katz 
E. clitellaria*  IL Champaign 40.14391 -88.16468 Bark 10Sep2009 F. Soto 
E. clitellaria 11-81 IL Coles 39.40248 -88.14893 Bark 15Jul2011 A. Katz 
E. clitellaria* 11-73 IL Jasper 39.03293 -88.12516 Bark 15Jul2011 A. Katz, F. Soto 
E. clitellaria* 11-74 IL Jasper 39.03293 -88.12516 Bark 15Jul2011 A. Katz, F. Soto 
E. clitellaria 11-75 IL Jasper 39.03293 -88.12516 Bark 15Jul2011 A. Katz, F. Soto 
E. clitellaria 11-77 IL Jasper 39.03293 -88.12516 Leaf litter 15Jul2011 A. Katz 
E. clitellaria* 11-142 IL Jo Davies 42.30565 -90.39740 Bark 26Aug2011 A. Katz 
E. clitellaria 11-148 IL Jo Davies 42.29895 -90.36967 Bark 27Aug2011 A. Katz 
E. clitellaria* 11-6 IL Kankakee 41.19482 -87.96875 Birds nest 10Apr2011 A. Katz 
E. clitellaria*  IL Monroe 38.21458 -89.99382 Bark 1-3Nov2009 F. Soto, S. Taylor 
E. clitellaria* 11-100 IL Piatt 40.06709 -88.56596 Bark 23Jul2011 A. Katz 
E. clitellaria* 11-166 IL Pope 37.51927 -88.65738 Leaf litter 24Sep2011 A. Katz 
E. clitellaria 11-59 IL Vermilion 40.20995 -87.74181 Vegetation 16Jun2011 A. Katz 
E. clitellaria*  IL Vermilion 40.16576 -87.74746 Bark 30Nov1989 F. Soto 
E. clitellaria*  IL Vermilion 40.16576 -87.74746 Bark 30Nov1989 F. Soto 
E. clitellaria  MI Ingham 42.66527 -84.36264 Bark 24Jul2008 E. Bernard 
E. clitellaria*  MI St. Clair 42.65447 -85.52430 Bark 25Jul2008 E. Bernard 
E. clitellaria*  WV Monongalia 39.62746 -79.86567 Bark 19Jul2005 R. Turcotte 
         
E. decemfasciata* 12-2 AL Clay 33.19723 -86.06325 Leaf litter 2Jan2012 A. Katz 
E. decemfasciata*  IL Union 37.46192 -89.24761 Leaf litter 21Jun2012 F. Soto, S. Taylor 
E. decemfasciata*  TN Sequatchie 35.64167 -83.76359 Leaf litter 14Jan1997 M. Gibbs 
E. decemfasciata*  TN Sevier 35.67961 -83.50021 Bark Nov-Dec2001 Park, Stocks, Peterson 
E. decemfasciata* 11-105 TN Stewart 36.66392 -87.98596 Leaf litter 7Aug2011 A. Katz 
E. decemfasciata* 11-107 TN Stewart 36.66392 -87.98596 Leaf litter 7Aug2011 A. Katz 
E. decemfasciata* 11-108 TN Stewart 36.53830 -87.91428 Leaf litter 7Aug2011 A. Katz 
E. decemfasciata2  n/a n/a n/a n/a n/a n/a n/a 




Table 2.1 (cont.) 
Species Sample ID1 State County GPS N GPS W Habitat 
Collection 
date Collected by 
E. intermedia* 11-32 PA Chester 40.06621 -75.37691 Vegetation 23May2011 A. Katz 
E. intermedia* 12-50 PA Chester 40.06621 -75.37691 Vegetation 7Apr2011 A. Katz 
         
E. ligata* 11-33 PA Chester 40.06923 -75.37903 Leaf litter 23May2011 A. Katz 
E. ligata* 11-34 PA Chester 40.06923 -75.37903 Bark 23May2011 A. Katz 
E. ligata2  NY n/a n/a n/a n/a 30Aug1923 M. J. Leonard 
E. ligata2  NY n/a n/a n/a n/a   July1923 A. Wolf 
         
E. multifasciata* São Miguel Island, Azores, Portugal n/a n/a n/a n/a J. Marcelino 
         
E. neotenica n. sp.* 12-2 AL Clay 33.19723 -86.06325 Leaf litter 2Jan2012 A. Katz 
E. neotenica n. sp.* 11-112 AL Lawrence 34.33692 -87.34608 Leaf litter 9Aug2011 A. Katz 
E. neotenica n. sp.* 11-116 FL Taylor 30.06560 -83.91066 Bark 9Aug2011 A. Katz 
E. neotenica n. sp.*  IL Union 37.51953 -89.34357 Leaf litter 21Jun2012 F. Soto, S. Taylor 
E. neotenica n. sp.* 11-43 TN Stewart 36.53540 -87.92144 Leaf litter 3May2011 A. Katz 
         
E. nivalis*  PA Allegheny 41.83092 -78.95937 Leaf litter 8Jul2008 S. Shreve 
E. nivalis*  VT Chittenden 44.44493 -73.23040 Leaf litter 6Jun2001 J. Fisher 
E. nivalis*  VT Chittenden 44.44454 -73.20178 Leaf litter 13Jun2001 J. Fisher 
E. nivalis*  VT Lamoille 44.48377 -72.69859 Leaf litter 24Jul2001 J. Fisher 
E. nivalis*  VT Rutland 43.35112 -72.82225 Leaf litter 10Jul2008 S. Shreve 
E. nivalis*  VT Washington 44.19968 -72.50135 Leaf litter 8Jun2001 J. Fisher 
E. nivalis* 11-47 WI Dodge 43.52736 -88.64381 Leaf litter 12Jun2011 A. Katz 
E. nivalis* 11-50 WI Sauk 43.42550 -89.71039 Vegetation 12Jun2011 A. Katz 
         
E. quadrilineata*  IL Monroe 37.97211 -89.80135 Leaf litter 29Sep2009 F. Soto, S. Taylor 
E. quadrilineata  IL Pope 37.51882 -88.65782 Vegetation 28Aug2011 J. Cech 
E. quadrilineata* 11-59a IL Vermilion 40.20995 -87.74181 Prairie 16Jun2011 A. Katz 
E. quadrilineata 11-61 IL Wayne 38.34122 -88.23992 Leaf litter 15Jul2011 A. Katz, F. Soto 
E. quadrilineata 11-63 IL Wayne 38.32500 -88.25016 Leaf litter 15Jul2011 A. Katz, F. Soto 
E. quadrilineata 11-44 TN Stewart 36.60757 -87.93457 Leaf litter 31May2011 A. Katz 
E. quadrilineata* 11-105 TN Stewart 36.66392 -87.98596 Leaf litter 7Aug2011 A. Katz 
E. quadrilineata2  IL Jackson n/a n/a n/a 15May1932 Ross, Mohr 
         
E. unolineata n. sp.*  GA Union 34.86040 -83.80193 Leaf litter 26May2011 E. Bernard 
E. unolineata n. sp.* 11-37 KY Laurel 37.08247 -84.04528 Leaf litter 28May2011 A. Katz 
E. unolineata n. sp.*  NC Henderson 35.44282 -82.71963 Bark 4Jun2007 E. Bernard 
E. unolineata n. sp. 11-38 NC Swain 35.57030 -83.16917 Leaf litter 29May2011 A. Katz 
E. unolineata n. sp.* 11-39 NC Swain 35.57030 -83.16917 Bark 29May2011 A. Katz 
E. unolineata n. sp. 11-40 NC Swain 35.57030 -83.16917 Leaf litter 29May2011 A. Katz 
E. unolineata n. sp.* 11-41 TN Sevier 35.72640 -83.40173 Leaf litter 30May2011 A. Katz 
E. unolineata n. sp. 11-42 TN Sevier 35.72640 -83.40173 Leaf litter 30May2011 A. Katz 
         
E. unostrigata*  VT Chittenden 44.44330 -73.18930 Vegetation 3Aug2003 F. Soto 
E. unostrigata* 11-47 WI Dodge 43.52736 -88.64381 Leaf litter 12Jun2011 A. Katz 
* Indicates that chaetotaxy and other morphological characters were examined in detail for at least one individual in 
the sample. 
1 Sample ID refers to personal accession numbers. These samples were personally collected and sorted during the 
course of this study. 
2 Type specimens kept at the Illinois Natural History Survey, Champaign, IL.
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Table 2.2. Informative diagnostic adult chaetotaxy for the separation of all Entomobrya species in this study56. These characters were 
specifically chosen for their ease of observation, stability, and lack of polymorphic states. Refer to species remarks for more specific 
diagnostic characters.  Parentheses indicate a rarely observed state. 












papilla4 Species M3i S'0 S4i ps3 ps5 m2 m5 a2  a3 m3ep a1 a2 
E. assuta 0 0 1 0 1 0 0 0 0 0 0 1 0 5 0 
E. atrocincta 0(1) 0 1 0 1 1 0 1 1(0) 0(1) 1 1 1 5 0 
E. bicolor 1 0 1 0 0 1 1 1 1 1 0 1 1 5 1 
E. bruneavillosa n. sp. 0 1 1 0 0 1 1 1 1 1 0 1 1 5 1 
E. citrea n. sp. 0 0 1 1 1 0 0 0 1 0 0 1 0 5 0 
E. clitellaria 0 0 1 0 1 1 1 1 1 1 0 1 1 5 1 
E. decemfasciata5 1 0 1 0 1 1 1 1 1 1 0 1 1 5 1 
E. intermedia 0 0 0 0 1 1 1 1 1 0 1 0 1 5 0 
E. ligata6 0 0 1 0 1 1 0 1 0 1 0 0 0 3 1 
E. multifasciata 0 0 0 0 1 1 0 1 1 0 1 1 1 5 0 
E. neotenica n. sp. 0 0 0(1) 0 1 1 0 1 0 0 0 0 0 3 1 
E. nivalis 0 0 1 P 1 1 1 1 1 1 1 0 1 5(6) 0 
E. quadrilineata5 1 0 1 0 1 1 1 1 1 1 0 1 1 5(6) 1 
E. unolineata n. sp.6 0 0 1 0 1 1 0 1 0(1) 1 0 0 0 3 1 
E. unostrigata 0 0 1 0 1 0 1 1 1 1 1 0 1 5 0 
1 Character states: absent (0), present (1), polymorphic (P). 
2 Character states: smooth (0), ciliate (1). 
3 Refer to Figure 2.3B for SEM photograph of eye patch well setae. 
4 Character states: multiple projections (0), single projection (1). Refer to Figure 2.1B (see 1) for SEM photograph of labral papillae and Figure 2.4 for 
drawings. 
5 E. decemfasciata and E. quadrilineata cannot be separated by these diagnostic characters.  Color pattern is critical for diagnosis. 
6 E. ligata and E. unolineata n. sp. cannot be separated by these diagnostic characters.  Color pattern is critical for diagnosis.
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Table 2.3. Diagnostic characters to separate species within the nivalis complex: E. atrocincta, E. multifasciata, 
E. intermedia, and E. nivalis. Diagnostic characters of E. clitellaria are also included in relation to E. atrocincta 














E. atrocincta 1 0 0(1)3 1 1 0 
E. multifasciata 0 0 0 1 1 0 
E. intermedia 0 1 0 1 0 0 
E. nivalis 1 1 1 1 0 0 
E. clitellaria 1 1 1 0 1 1 
1 Character states: absent (0), present (1). 
2 Character states: multiple projections (0), single projection (1). 














Table 2.4.  Comparison between descriptions of E. atrocincta (and E. nigrocincta) provided by this study with 
those provided by Jordana (2012), Ramel et al. (2008), and Christiansen and Bellinger (1998).  Characters 
represent the number of dorsal macrosetae present in fields (H1-A10) outlined by Jordana and Baquero (2005) 
and Jordana (2012).  Clear differences between descriptions are highlighted in bold and underlined. 





Dimorphism H1 H2 H3 H4 H5 T1 T2 A1 A2 A3 A4 A5 
A6-
A10 
E. atrocincta1 Yes 3 2(1) 0 3 2 2 3 2(1) 2(3) 1 2 1 8-11 
E. nigrocincta2    Yes 3 1 0 2 2 2 3 1 2 1 1 1 9(8?) 
E. atrocincta3     No 2 1 0 3 2(3) 2 3 2 3 1 2 1 13 
E. atrocincta4  No ? ? ? ? ? ? ? 2 2 1 2 1 ? 
1 Description of E. atrocincta specimens observed in the present study. 
2 Description of E. nigrocincta provided by Jordana (2012) and Ramel et al. (2008). 
3 Description of E. atrocincta provided by Jordana (2012). 














Table 2.5. Important diagnostic characters for the separation of 
species within the bicolor complex: E. bicolor, E. decemfasciata, 







E. bicolor 0 0 
E. decemfasciata 1 0 




Table 2.6. Diagnostic characters to separate species within the ligata complex: E. ligata, E. 






1 dark transverse 
band on posterior 
margin of Th. 2 
2 dark triangular 
patches on Abd. 3 
E. ligata 1 1 1 0 
E. unolineata n. sp. 1 1 0 0 
E. neotenica n. sp. 0 0 0(1)1 1 




Table 2.7. List of all Entomobrya species reported from North America. 
Of the 31 species, 15 were examined for this study and 16 were not 
included. 
Species examined  
and described 
Species not included in study 
eastern species1 western species2 
E. assuta E. comparata E. arnaudi 
E. atrocincta E. confusa E. arula 
E. bicolor E. gisini E. erratica 
E. bruneavillosa n. sp. E. griseoolivata E. kincaidi 
E. citrea n. sp E. sinelloides E. nigriceps 
E. clitellaria   E. suzannae 
E. decemfasciata  E. triangularis 
E. intermedia  E. troglodytes 
E. ligata  E. troglophila 
E. multifasciata  E. washingtonia 
E. neotenica n. sp.  E. zona 
E. nivalis   
E. quadrilineata   
E. unolineata n. sp.   
E. unostrigata   
1Species reported east of the Mississippi River that were not obtained for this study 
2Species with western North American distributions that have not been reported 





Molecular COI Alignment 
 
 
Complete COI alignment (1539bp) of 87 sequences, representing 85 specimens, used for phylogenetic analyses. Two 
heteroplasmic copies of COI, each for 2 individuals of E. n. sp. 2, described as Entomobrya bruneavillosa n. sp., are included in the 
alignment (4 sequences total). Sequence labels are named accordingly: year collected, sample site, species, individual, month 
sequenced, day sequenced, year sequenced, heteroplasmic copy (A/B if applicable). Periods (.) within alignment indicate missing data. 
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11_17_at_2_4_3_12            ATTAGTCGGTGACTTTATTCTACCAACCATAAAGACATTGGAACTTTATACTTAGTATTCGGTGTTTGAGCCGCTATAGTGGGAACTGCTTTTAGAGTTTTAATCCGATTAGAATTAGGTCAACC 
11_17_at_3_2_17_12           ATTAGTCGGTGACTTTATTCTACCAACCATAAAGACATTGGAACTTTATACTTAGTATTCGGTGTTTGAGCCGCTATAGTGGGAACTGCTTTTAGAGTTTTAATCCGATTAGAATTAGGTCAACC 
11_17_at_4_4_3_12            ATTAGTCGGTGACTTTATTCTACCAACCATAAAGACATCGGAACTTTATACTTAGTGTTCGGTGTTTGAGCCGCTATAGTGGGAACTGCTTTTAGAGTTTTAATCCGGTTAGAATTAGGTCAACC 
11_17_at_5_11_9_12           ATTAGTCGGTGACTTTATTCTACCAACCATAAAGACATTGGAACTTTATACTTAGTATTCGGTGTTTGAGCCGCTATAGTGGGAACTGCTTTTAGAGTTTTAATCCGATTAGAATTAGGTCAACC 
11_17_at_6_4_3_12            ATTAGTCGGTGACTTTATTCTACCAACCATAAAGACATCGGAACTTTATACTTAGTGTTCGGTGTTTGAGCCGCTATAGTGGGAACTGCTTTTAGAGTTTTAATCCGGTTAGAATTAGGTCAACC 
11_60_as_1_4_3_12            ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_60_as_2_4_3_12            ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTACGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_82_as_1_4_3_12            ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCCTTCAGTGTTATAATTCGCTTAGAATTAGGTCAACC 
11_82_as_2_4_3_12            ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_90_as_1_7_29_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_90_as_2_7_29_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_100_as_1_4_3_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTACGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_100_as_2_4_3_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTACGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_116_as_1_4_3_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCCTTCAGTGTTATAATTCGCTTAGAATTAGGTCAACC 
11_116_as_2_11_9_12          ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_157_as_2_4_3_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTACGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_157_as_3_4_3_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
11_160_as_1_4_3_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCCTTCAGTGTTATAATTCGCTTAGAATTAGGTCAACC 
11_160_as_2_4_3_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
12_6_as_1_7_29_12            ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCCTTCAGTGTTATAATTCGCTTAGAATTAGGTCAACC 
12_6_as_2_7_29_12            ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCGTTCAGTGTTCTAATTCGCTTAGAACTAGGTCAACC 
12_50_as_1_11_9_12           ATCAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGTGTTTGATCTGCTATGGTAGGAACTGCCTTCAGTGTTCTAATTCGCTTAGAATTAGGTCAACC 
11_33_li_1_1_18_12           ATTAACCGATGACTTTATTCTACAAACCATAAGGATATTGGCACTTTGTATTTAATCTTTGGTGTATGAGCTGCTATAGTAGGAACAGCATTTAGAGTTTTAATTCGTTTAGAATTAGGTCAACC 
11_33_li_2_4_3_12            ATTAACCAATGACTTTATTCTACAAATCATAAGGATATTGGCACTTTGTATTTAATCTTTGGTGTATGAGCTGCTATAGTAGGAACAGCATTTAGAGTTTTAATTCGTTTAGAATTAGGTCAACC 
11_33_li_3_4_3_12            ATTAACCGATGACTTTATTCTACAAATCATAAGGATATTGGCACTTTGTATTTAATCTTTGGTGTATGAGCTGCTATAGTAGGAACAGCATTTAGAGTTTTAATTCGTTTAGAATTAGGTCAACC 
11_37_li_1_4_15_12           ATTAATCGATGACTTTACTCTACAAATCATAAGGATATTGGCACTTTGTACTTAATTTTCGGGGTTTGAGCAGCTATAGTAGGAACAGCGTTTAGAGTGTTAATCCGGCTAGAGTTAGGTCAACC 
11_37_li_2_4_3_12            ATTAATCGATGACTTTACTCTACAAATCATAAGGATATTGGCACTTTGTACTTAATTTTCGGGGTTTGAGCAGCTATAGTAGGAACAGCGTTTAGAGTATTAATCCGGCTAGAGTTAGGTCAACC 
11_39_li_1_4_3_12            ATCAATCGATGACTTTACTCTACAAATCATAAGGATATTGGAACTTTATATTTAATTTTCGGAGTTTGAGCAGCTATAGTAGGAACAGCGTTTAGCGTATTAATTCGTCTAGAATTAGGTCAACC 
11_39_li_2_4_3_12            ATCAATCGATGACTTTACTCTACAAATCATAAGGATATTGGAACTTTATATTTAATTTTCGGAGTTTGAGCAGCTATAGTAGGAACAGCGTTTAGCGTATTAATTCGTCTAGAATTAGGTCAACC 
11_39_li_3_11_9_12           ATCAATCGATGACTTTACTCTACAAATCATAAGGATATTGGAACTTTATATTTAATTTTCGGAGTTTGAGCAGCTATAGTAGGAACAGCGTTTAGCGTATTAATTCGTCTAGAATTAGGTCAACC 
11_41_li_1_11_9_12           ATCAATCGATGACTTTACTCTACAAATCATAAGGATATTGGAACTTTATATTTAATTTTTGGGGTTTGAGCAGCTATAGTAGGAACAGCATTTAGAGTATTAATTCGTCTAGAATTAGGTCAACC 




                                      10        20        30        40        50        60        70        80        90        100       110       120    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_41_li_3_9_11_12           ATCAATCGATGACTTTACTCTACAAATCATAAGGATATTGGAACTTTATATTTAATTTTTGGGGTTTGAGCAGCTATAGTAGGAACAGCATTTAGAGTATTAATTCGTCTAGAATTAGGTCAACC 
11_BGA1_li_1_4_3_12          ATCAATCGATGACTTTACTCTACAAATCATAAGGATATTGGAACTTTATATTTAATTTTTGGGGTTTGAGCAGCTATAGTAGGAACAGCATTTAGAGTATTAATTCGTCTAGAATTAGGTCAACC 
11_BGA1_li_2_4_3_12          ATCAATCGATGACTTTACTCTACAAATCATAAGGATATTGGAACTTTATATTTAATTTTTGGGGTTTGAGCAGCTATAGTAGGAACAGCATTTAGAGTATTAATTCGTCTAGAATTAGGTCAACC 
11_JCIL1_qu_1_4_27_12        ATTAATCGTTGACTTTATTCCACTAACCATAAAGATATTGGTACCTTATATTTAATCTTTGGGGTTTGATCCGCCATAGTCGGAACCGCCTTTAGTGTTTTAATTCGACTAGAACTAGGTCAACC 
11_JCIL1_qu_2_7_29_12        ATTAATCGTTGACTTTATTCCACTAACCATAAAGATATTGGTACCTTATATTTAATCTTTGGGGTTTGATCCGCCATAGTCGGAACCGCCTTTAGTGTTTTAATTCGACTAGAACTAGGTCAACC 
11_59a_qu_2_7_10_12          ATTAATCGTTGACTTTACTCCACTAACCATAAAGACATTGGTACCTTATATTTAATCTTTGGGGTTTGATCCGCCATAGTTGGCACCGCCTTTAGTGTTTTAATTCGACTAGAACTAGGTCAACC 
11_59a_qu_1_7_10_12          ATTAATCGTTGACTTTACTCCACTAACCATAAAGACATTGGTACCTTATATTTAATCTTTGGGGTTTGATCCGCCATAGTTGGCACCGCCTTTAGTGTTTTAATTCGACTAGAACTAGGTCAACC 
11_61_qu_1_7_10_12           ATTAATCGTTGACTTTACTCCACTAACCATAAAGACATTGGTACCTTATATTTAATCTTTGGGGTTTGATCCGCCATAGTTGGAACCGCCTTTAGTGTTTTAATTCGACTAGAACTAGGTCAACC 
11_61_qu_2_7_10_12           ATTAATCGTTGACTTTACTCCACTAACCATAAAGACATTGGTACCTTATATTTAATTTTTGGGGTTTGATCCGCCATAGTTGGGACCGCCTTTAGTGTTTTAATTCGACTAGAACTAGGTCAACC 
11_105_qu_1_4_27_12          ATTAATCGTTGACTTTACTCCACTAACCATAAAGACATTGGTACCTTATATTTAATCTTTGGGGTTTGATCCGCCATAGTTGGGACCGCCTTTAGTGTTTTAATTCGACTAGAACTAGGTCAACC 
11_105_qu_2_7_10_12          ATTAACCGTTGACTTTATTCCACAAATCATAAAGACATTGGCACATTATACTTAATTTTTGGTGTATGATCAGCAATAGTAGGGACAGCATTCAGAGTCCTTATTCGACTTGAACTAGGTCAACC 
11_108_qu_1_7_10_12          ATTAACCGTTGACTTTATTCCACTAATCACAAAGACATTGGCACATTATACTTAATTTTTGGTGTGTGGTCAGCCATAGTAGGAACTGCATTCAGTGTTCTTATCCGGCTTGAATTAGGCCAACC 
11_108_qu_2_7_10_12          ATTAACCGTTGACTTTATTCCACCAATCACAAAGACATTGGCACATTATACTTAATTTTTGGTGTATGATCAGCTATAGTAGGTACTGCGTTCAGTGTTCTTATTCGACTTGAACTAGGCCAACC 
12_2_qu_1_11_9_12            ATTAACCGTTGACTTTATTCCACAAATCATAAAGACATTGGCACATTATACTTAATTTTTGGTGTGTGATCAGCAATAGTAGGTACCGCATTCAGAGTTCTTATTCGACTTGAGCTAGGTCAACC 
12_2_qu_2_7_10_12            ATTAACCGTTGACTTTATTCCACAAATCATAAAGACATTGGCACATTATACTTAATTTTTGGTGTGTGATCAGCAATAGTAGGTACCGCATTCAGAGTTCTTATTCGACTTGAGCTAGGTCAACC 
12_FSA2_qu_1_11_9_12         ATTAACCGTTGACTTTATTCCACTAATCACAAAGACATTGGCACATTATACTTAATTTTTGGTGTGTGGTCAGCTATAGTAGGGACTGCATTCAGTGTTCTTATCCGGCTTGAATTAGGTCAACC 
12_FSA2_qu_2_11_9_12         ATTAACCGTTGACTTTATTCCACTAATCACAAAGACATTGGCACATTATACTTAATTTTTGGTGTGTGGTCAGCTATAGTAGGGACTGCATTCAGTGTTCTTATCCGGCTTGAATTAGGTCAACC 
11_74_cl_1_4_27_12           ATTAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATACTTAATTTTTGGGGTGTGATCTGCTATAGTAGGAACAGCTTTTAGAGTTCTCATCCGATTAGAGCTAGGTCAACC 
11_74_cl_2_4_27_12           ATTAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATACTTAATTTTTGGGGTGTGATCTGCTATAGTAGGAACAGCTTTTAGAGTTCTCATTCGATTAGAGCTAGGTCAACC 
11_100_cl_1_12_20_12         ATTAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACTTTATACTTAATTTTTGGAGTGTGATCTGCTATAGTAGGAACAGCTTTTAGAGTTCTCATCCGATTAGAGCTAGGTCAACC 
11_100_cl_2_7_10_12          ATCAACCGATGACTTTATTCTACAAACCATAAAGATATTGGAACTTTATACTTAATTTTTGGGGTCTGATCTGCTATAGTAGGAACAGCCTTTAGTGTTCTCATTCGATTAGAACTAGGTCAACC 
11_166_cl_1_4_27_12          ATCAACCGATGACTTTATTCTACAAACCATAAAGATATTGGAACTTTATACTTAATTTTTGGGGTCTGATCTGCTATAGTAGGAACAGCCTTTAGTGTTCTCATTCGATTAGAACTAGGTCAACC 
11_166_cl_2_7_10_12          ATTAACCGATGACTTTATTCTACAAACCATAAAGATATTGGAACCTTATACTTAATTTTTGGGGTTTGATCTGCTATAGTAGGGACAGCCTTTAGTGTTCTCATTCGATTAGAACTAGGTCAACC 
11_81_cl_1_7_29_12           ATTAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATACTTAATTTTTGGGGTGTGATCTGCTATAGTAGGAACAGCTTTTAGAGTTCTCATCCGATTAGAGCTAGGTCAACC 
11_81_cl_2_7_29_12           ATTAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATACTTAATTTTTGGGGTGTGATCTGCTATAGTAGGAACAGCTTTTAGAGTTCTCATCCGATTAGAGCTAGGCCAACC 
11_59_cl_1_7_29_12           ATTAACCGATGACTTTACTCTACAAACCATAAAGATATTGGAACCTTATACTTAATTTTTGGGGTGTGATCTGCTATAGTAGGAACAGCTTTTAGAGTTCTCATCCGATTAGAGCTAGGTCAACC 
11_116_cl_1_7_29_12          ATTAACCGATGACTTTATTCTACAAACCATAAAGATATTGGAACCTTATATTTAATTTTTGGGGTTTGATCTGCTATAGTAGGGACAGCCTTTAGTGTTCTCATTCGATTAGAACTAGGTCAACC 
11_142_cl_1_11_9_12          ATCAACCGATGACTTTATTCTACAAACCATAAAGATATTGGAACCTTATACTTAATTTTTGGGGTCTGATCTGCTATAGTAGGAACAGCCTTTAGTGTTCTCATTCGATTAGAACTAGGTCAACC 
11_32_in_1_7_29_12           ATTAGTCGGTGACTTTACTCTACCAATCACAAGGATATTGGTACTTTATATTTAATTTTTGGGGTTTGAGCAGCTATAGTAGGAACTGCTTTCAGAGTACTCATTCGGTTAGAATTAGGTCAACC 
12_50_in_1_11_9_12           ATTAGTCGGTGACTTTACTCTACCAATCACAAGGATATTGGTACTTTATATTTAATTTTTGGGGTTTGAGCAGCTATAGTAGGAACTGCTTTCAGAGTACTCATTCGGTTAGAATTAGGTCAACC 
12_50_in_2_11_9_12           ATTAGTCGGTGACTTTACTCTACCAATCACAAGGATATTGGTACTTTATATTTAATTTTTGGGGTTTGAGCAGCTATAGTAGGAACTGCTTTCAGAGTACTCATTCGGTTAGAATTAGGTCAACC 
J_SM86_mu_1_11_9_12          ATTAGTCGATGACTTTACTCTACCAATCATAAAGATATTGGTACTTTATACTTAGTGTTTGGTGTTTGAGCAGCTATAGTAGGAACAGCTTTTAGTGTTTTAATTCGATTAGAATTAGGTCAACC 
J_SM86_mu_2_11_9_12          ATTAGTCGATGACTTTACTCTACCAATCATAAAGATATTGGTACTTTATACTTAGTGTTTGGTGTTTGAGCAGCTATAGTAGGAACAGCTTTTAGTGTTTTAATTCGATTAGAATTAGGTCAACC 
12_2_yt_1_7_29_12            ATTAACCGATGACTTTATTCTACAAATCATAAGGATATTGGCACTTTGTACTTAATTTTCGGAGTTTGAGCAGCTATAGTAGGAACAGCATTTAGAGTACTAATTCGATTAGAATTAGGTCAACC 
12_FSA1_yt_1_11_9_12         ATTAACCGATGACTTTATTCTACAAATCATAAAGATATTGGCACTTTGTACTTAATTTTTGGTGTTTGAGCAGCTATAGTAGGAACAGCATTTAGAGTGTTAATTCGATTAGAACTAGGTCAACC 
12_FSA1_yt_2_11_9_12         ATTAACCGATGACTTTATTCTACAAATCATAAAGATATTGGCACTTTGTACTTAATTTTTGGTGTTTGAGCAGCTATAGTAGGAACAGCATTTAGAGTGTTAATTCGATTAGAACTAGGTCAACC 
11_21_Ent_1_7_29_12          ATTAGTCGATGACTTTTTTCCACTAACCATAAAGACATTGGAACTTTATATTTAATCTTTGGTGTTTGATCAGCCATAGTAGGAACAGCTTTTAGTGTTCTTATCCGCCTAGAATTAGGGCAACC 
11_52_Wbu_1_7_29_12          ATTAATCGTTGACTTTACTCCACCAATCATAAAGACATTGGCACTTTATATCTAATTTTTGGTGTTTGATCAGCTATAGTTGGAACAGCCTTTAGAGTTCTTATTCGCCTAGAACTAGGACAACC 
11_135_Wsp_1_7_29_12         ATTAGTCGATGGCTTTACTCCACCAATCATAAAGATATCGGCACCCTATACTTAATTTTCGGTGTTTGGTCTGCTATAGTAGGAACAGCTTTCAGAGTTTTAATCCGCCTAGAACTAGGCCAGCC 
11_50_ni_1_11_9_12           ATTAGCCGATGACTTTACTCCACCAATCATAAAGATATTGGTACCTTATATTTAATTTTCGGAGTTTGGGCCGCGATAGTGGGAACTGCCTTCAGAGTTTTAATTCGCTTAGAGTTAGGACAACC 
12_FSVTlam_ni_1_12_20_12_B   ATTAACCGGTGACTTTACTCTACCAATCATAAAGATATTGGCACTTTATATTTAATTTTCGGAGTTTGAGCTGCAATAGTAGGAACTGCTTTCAGAGTTTTAATTCGACTAGAATTAGGACAACC 
11_CDhend_bi_1_11_9_12       ATTAATCGTTGACTTTATTCTACTAACCATAAAGACATTGGTACTTTATATTTAATTTTTGGAGTATGATCTGCTATAGTGGGAACTGCTTTTAGAGTTCTAATTCGACTTGAACTGGGTCAACC 
11_CDhend_bi_2_11_9_12       ATTAATCGTTGACTTTATTCTACTAACCATAAAGACATTGGTACTTTATATTTAATTTTTGGAGTATGATCTGCTATAGTGGGAACTGCTTTTAGAGTTCTAATTCGACTTGAACTGGGTCAACC 
11_CDhend_ye_1_11_9_12       ATTAATCGTTGACTTTATTCTACTAACCATAAAGACATTGGTACTTTATATTTAATTTTTGGAGTATGATCTGCTATAGTGGGAACTGCTTTTAGAGTTCTAATTCGACTTGAACTGGGTCAACC 
11_149_Hso_1_7_29_12         ATTAATCGATGATTTTTCTCTACTAACCATAAAGATATTGGCACTTTATACTTAATTTTCGGTGTTTGATCTGCTATAGTTGGGACGGCCTTTAGAGTTCTTATTCGCTTAGAACTAGGTCAACC 
12_19_Hsa_1_9_27_12          .................................GATATTGGCACTTTATATTTAATTTTTGGAGTTTGAGCCGCAATAGTAGGAACAGCTTTCAGAGTCCTTATTCGTTTAGAATTAGGTCAACC 
11_159_Wni_1_9_27_12         ATTAATCGTTGACTTTACTCTACCAACCATAAGGATATCGGAACTTTATACCTAATTTTTGGTGTCTGGTCAGCTATAGTAGGTACTGCGTTTAGAGTTCTTATTCGCCTGGAATTAGGCCAACC 
11_134_as_2_11_9_12          ATCAACCGTTGACTTTACTCTACTAACCACAAAGATATTGGAACCTTATATCTCATTTTTGGAGTTTGATCTGCTATAGTAGGCACCGCTTTTAGAGTTTTAATTCGCCTAGAATTAGGACAGCC 
11_134_as_3_12_20_12         ATCAACCGTTGACTTTACTCTACTAACCACAAAGATATTGGAACCTTATATCTCATTTTTGGAGTTTGATCTGCTATAGTAGGCACCGCTTTTAGAGTTTTAATTCGCCTAGAATTAGGACAGCC 
12_9_sp2_1_12_20_12A         ATAGCCCGATGACTTTATTCTACAAATCATAAAGACATTGGCACTTTATACTTAATTTTTGGTGTGTGATCTGCTATAGTAGGAACAGCTTTTAGTGTTCTTATTCGACTAGAACTAGGTCAACC 
12_9_sp2_2_12_20_12A         ATAGCCCGATGACTTTATTCTACAAATCATAAAGACATTGGCACTTTATACTTAATTTTTGGTGTATGATCTGCTATAGTAGGAACAGCTTTTAGTGTTCTTATTCGACTAGAACTAGGTCAACC 
12_9_sp2_1_12_20_12B         ATAGCCCGATGACTTTATTCTACAAATCATAAAGACATTGGCACTTTATATTTAATTTTTGGTGTGTGATCTGCTATAGTAGGAACAGCTTTTAGTGTTATTATTCGATTAGAACTAGGTCAACC 




                                      10        20        30        40        50        60        70        80        90        100       110       120    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
Seira_dowlingi               ATCAACCGATGACTTTATTCAACTAATCATAAAGACATTGGAAgTTTATATTTaAATTTTgCCGGGtGATCTGCTATAGTCGGAACTGCCTTCAGAGTTCTTATCCGACTTGAATTAGGACAACC 
P_violenta                   ATTAACCGTTGACTTTTTTCAACTAATCACAAAGATATTGGAACACTATATATAATCTTTGGGGCCTGGTCCGCTATAGTAGGAACAGCTTTTAGAGTACTAATCCGGCTAGAGTTAGGCCAACC 
                                                                                                                                                           
                                 130       140       150       160       170       180       190       200       210       220       230       240         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_17_at_2_4_3_12            AGGAAGATTTATTGGAGACGACCAAATTTATAATGTAATAGTAACCGCCCATGCCTTTATTATAATTTTTTTCATAGTTATACCTATTATAATTGGTGGATTTGGTAACTGATTAGTACCCCTAA 
11_17_at_3_2_17_12           AGGAAGATTTATTGGAGACGACCAAATTTATAATGTAATAGTAACCGCCCATGCCTTTATTATAATTTTTTTCATAGTTATACCTATTATAATTGGTGGATTTGGTAACTGATTAGTACCCCTAA 
11_17_at_4_4_3_12            AGGAAGATTTATTGGAGACGACCAAATTTATAATGTAATAGTAACCGCCCATGCCTTTATTATAATTTTTTTCATAGTTATACCTATTATAATTGGTGGATTTGGTAACTGATTAGTACCCCTAA 
11_17_at_5_11_9_12           AGGAAGATTTATTGGAGACGACCAAATTTATAATGTAATAGTAACCGCCCATGCCTTTATTATAATTTTTTTCATAGTTATACCTATTATAATTGGTGGATTTGGTAACTGATTAGTACCCCTAA 
11_17_at_6_4_3_12            AGGAAGATTTATTGGAGACGACCAAATTTATAATGTAATAGTAACCGCCCATGCCTTTATTATAATTTTTTTCATAGTTATACCTATTATAATTGGTGGATTTGGTAACTGATTAGTACCCCTAA 
11_60_as_1_4_3_12            AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
11_60_as_2_4_3_12            AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGGTTAGTACCTCTAA 
11_82_as_1_4_3_12            AGGGAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTCGGTAATTGATTAGTACCTCTAA 
11_82_as_2_4_3_12            AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
11_90_as_1_7_29_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
11_90_as_2_7_29_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
11_100_as_1_4_3_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGGTTAGTACCTCTAA 
11_100_as_2_4_3_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGGTTAGTACCTCTAA 
11_116_as_1_4_3_12           AGGGAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTCGGTAATTGATTAGTACCTCTAA 
11_116_as_2_11_9_12          AGGAAGATTTATTGGTGACGATCAAATCTATAATATTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
11_157_as_2_4_3_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGGTTAGTACCTCTAA 
11_157_as_3_4_3_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
11_160_as_1_4_3_12           AGGGAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTCGGTAATTGATTAGTACCTCTAA 
11_160_as_2_4_3_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
12_6_as_1_7_29_12            AGGGAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTCGGTAATTGATTAGTACCTCTAA 
12_6_as_2_7_29_12            AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGGTTCGGTAATTGATTAGTACCTCTAA 
12_50_as_1_11_9_12           AGGAAGATTTATTGGTGACGATCAAATCTATAATGTTATAGTTACAGCCCACGCATTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTCGGTAATTGATTAGTACCTCTAA 
11_33_li_1_1_18_12           AGGAAGCTTCATTGGAGATGATCAAATTTATAATGTGATAGTAACTGCTCACGCTTTTATTATAATTTTTTTTATAGTTATACCCATTATAATTGGAGGCTTTGGTAATTGATTAGTACCTTTAA 
11_33_li_2_4_3_12            AGGAAGCTTCATTGGAGATGATCAAATTTATAATGTGATAGTAACTGCTCACGCTTTTATTATAATTTTTTTTATAGTTATACCCATTATAATTGGAGGCTTTGGTAATTGATTAGTACCTTTAA 
11_33_li_3_4_3_12            AGGAAGCTTCATTGGAGATGATCAAATTTATAATGTGATAGTAACTGCTCACGCTTTTATTATAATTTTTTTTATAGTTATACCCATTATAATTGGAGGCTTTGGTAATTGATTAGTACCTTTAA 
11_37_li_1_4_15_12           AGGAAGTTTTATTGGAGATGATCAAATCTATAATGTTATAGTCACTGCGCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGTTTTGGTAACTGATTAGTTCCTTTGA 
11_37_li_2_4_3_12            AGGAAGTTTTATTGGAGATGATCAAATCTATAATGTTATAGTCACTGCGCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGTTTTGGTAATTGATTAGTTCCCTTGA 
11_39_li_1_4_3_12            AGGAAGTTTTATTGGAGACGATCAAATCTATAATGTCATAGTTACTGCCCATGCTTTTATTATAATTTTTTTTATGGTCATACCTATCATAATTGGTGGTTTTGGTAATTGATTAGTTCCTTTGA 
11_39_li_2_4_3_12            AGGAAGTTTTATTGGAGACGATCAAATCTATAATGTCATAGTTACTGCCCATGCTTTTATTATAATTTTTTTTATGGTCATACCTATCATAATTGGTGGTTTTGGTAATTGATTAGTTCCTTTGA 
11_39_li_3_11_9_12           AGGAAGTTTTATTGGAGACGATCAAATCTATAATGTCATAGTTACTGCCCATGCTTTTATTATAATTTTTTTTATGGTCATACCTATCATAATTGGTGGTTTTGGTAATTGATTAGTTCCTTTGA 
11_41_li_1_11_9_12           AGGAAGTTTTATTGGAGATGACCAAATCTATAATGTTATAGTTACTGCACATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGTTTTGGTAACTGATTAGTTCCTTTGA 
11_41_li_2_4_3_12            AGGAAGTTTTATTGGAGATGACCAAATCTATAATGTTATAGTTACTGCACATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGTTTTGGTAACTGATTAGTTCCTTTGA 
11_41_li_3_9_11_12           AGGAAGTTTTATTGGAGATGACCAAATCTATAATGTTATAGTTACTGCACATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGTTTTGGTAACTGATTAGTTCCTTTGA 
11_BGA1_li_1_4_3_12          AGGAAGTTTTATTGGAGATGACCAAATCTATAATGTTATAGTTACTGCACATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGTTTTGGTAACTGATTAGTTCCTTTGA 
11_BGA1_li_2_4_3_12          AGGAAGTTTTATTGGAGATGACCAAATCTATAATGTTATAGTTACTGCACATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGTTTTGGTAACTGATTAGTTCCTTTGA 
11_JCIL1_qu_1_4_27_12        AGGTAGATTTATTGGTGATGACCAAATTTACAACGTTATAGTTACTGCTCATGCTTTTGTTATAATTTTTTTTATAGTGATACCTATTATAATTGGAGGCTTCGGTAACTGGCTAGTGCCTCTTA 
11_JCIL1_qu_2_7_29_12        AGGTAGATTTATTGGTGATGACCAAATTTACAACGTTATAGTTACTGCTCATGCTTTTGTTATAATTTTTTTTATAGTGATACCTATTATAATTGGAGGCTTCGGTAACTGGCTAGTGCCTCTTA 
11_59a_qu_2_7_10_12          AGGTAGATTTATTGGTGACGACCAAATTTACAACGTTATAGTTACTGCTCATGCTTTTGTTATAATTTTTTTTATAGTGATACCTATTATAATTGGAGGCTTCGGTAACTGGCTAGTACCCCTAA 
11_59a_qu_1_7_10_12          AGGTAGATTTATTGGTGACGACCAAATTTACAACGTTATAGTTACTGCTCATGCTTTTGTTATAATTTTTTTTATAGTGATACCTATTATAATTGGAGGCTTCGGTAACTGGCTAGTACCCCTAA 
11_61_qu_1_7_10_12           AGGTAGATTTATTGGTGACGACCAAATTTACAACGTTATAGTTACTGCTCATGCTTTTGTTATAATTTTTTTTATAGTGATACCTATTATAATTGGAGGCTTCGGTAACTGGCTAGTACCTCTCA 
11_61_qu_2_7_10_12           AGGTAGATTTATTGGTGATGACCAAATTTACAACGTTATAGTTACTGCTCATGCTTTTGTTATAATTTTTTTTATAGTGATACCTATTATAATTGGAGGCTTCGGTAATTGGCTAGTACCTCTTA 
11_105_qu_1_4_27_12          AGGTAGATTTATTGGTGATGACCAAATTTACAACGTTATAGTTACTGCTCATGCTTTTGTTATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGCTTCGGTAATTGGCTAGTACCTCTTA 
11_105_qu_2_7_10_12          AGGAAGATTTATTGGAGACGATCAAATTTACAATGTAATAGTAACTGCTCACGCATTCATCATAATTTTTTTTATAGTTATACCAATTATAATTGGAGGTTTTGGTAATTGGCTAATTCCCTTAA 
11_108_qu_1_7_10_12          AGGAAGATTTATCGGAGATGACCAAATTTACAATGTTATAGTTACTGCTCACGCATTCATTATAATTTTTTTTATAGTTATACCCATTATAATCGGAGGTTTTGGTAACTGACTAATTCCTTTAA 
11_108_qu_2_7_10_12          AGGAAGATTTATTGGAGATGATCAAATTTACAATGTTATAGTTACTGCTCACGCATTCATTATAATTTTTTTTATAGTTATACCCATTATAATCGGGGGTTTTGGTAACTGATTAATTCCTTTAA 
12_2_qu_1_11_9_12            AGGAAGATTTATTGGAGACGATCAAATTTACAATGTTATAGTAACTGCTCACGCATTCATCATAATTTTTTTTATAGTTATACCAATTATAATCGGAGGCTTTGGTAATTGATTAATTCCTTTAA 
12_2_qu_2_7_10_12            AGGAAGATTTATTGGAGACGATCAAATTTACAATGTTATAGTAACTGCTCACGCATTCATCATAATTTTTTTTATAGTTATACCAATTATAATCGGAGGCTTTGGTAATTGATTAATTCCTTTAA 
12_FSA2_qu_1_11_9_12         AGGGAGATTTATCGGAGATGACCAAATTTACAATGTTATAGTTACTGCTCACGCGTTCATTATAATTTTTTTTATAGTTATACCCATTATAATCGGAGGTTTTGGTAACTGACTAATTCCTTTAA 
12_FSA2_qu_2_11_9_12         AGGGAGATTTATCGGAGATGACCAAATTTACAATGTTATAGTTACTGCTCACGCGTTCATTATAATTTTTTTTATAGTTATACCCATTATAATCGGAGGTTTTGGTAACTGACTAATTCCTTTAA 
144 
 
11_74_cl_1_4_27_12           AGGAAGATTTATTGGTGACGATCAAATTTATAACGTTATAGTAACAGCACACGCTTTTATTATAATTTTTTTTATAGTTATACCAATCATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_74_cl_2_4_27_12           AGGAAGATTTATTGGTGACGATCAAATTTATAACGTTATAGTAACAGCACACGCTTTTATTATAATTTTTTTTATAGTTATACCAATCATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_100_cl_1_12_20_12         AGGAAGATTTATTGGGGATGATCAAATTTATAACGTTATAGTAACAGCACACGCCTTTATCATAATTTTTTTTATAGTTATACCAATCATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_100_cl_2_7_10_12          AGGAAGATTTATTGGAGATGATCAAATTTATAACGTTATAGTAACAGCACACGCCTTTATTATAATTTTTTTTATAGTGATACCAATTATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_166_cl_1_4_27_12          AGGAAGATTTATTGGAGATGATCAAATTTATAACGTTATAGTAACAGCACACGCCTTTATTATAATTTTTTTTATAGTGATACCAATTATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_166_cl_2_7_10_12          AGGAAGATTTATTGGAGATGATCAAATTTATAACGTTATAGTAACAGCACATGCCTTTATTATAATTTTTTTCATAGTTATACCAATTATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_81_cl_1_7_29_12           AGGAAGATTTATTGGTGACGATCAAATTTATAACGTTATAGTAACAGCACACGCTTTTATTATAATTTTTTTTATAGTTATACCAATCATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_81_cl_2_7_29_12           AGGAAGATTTATTGGTGACGATCAAATTTATAACGTTATAGTAACAGCACACGCTTTTATTATAATTTTTTTTATAGTTATACCAATCATAATTGGAGGATTTGGAAACTGATTAGTACCTTTAA 
11_59_cl_1_7_29_12           AGGAAGATTTATTGGTGACGATCAAATTTATAACGTTATAGTAACAGCACACGCTTTTATTATAATTTTTTTTATAGTTATACCAATCATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_116_cl_1_7_29_12          AGGAAGATTTATTGGAGATGATCAAATTTATAACGTTATAGTAACAGCACATGCCTTTATTATAATTTTTTTTATAGTTATACCAATTATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_142_cl_1_11_9_12          AGGAAGATTTATTGGAGACGATCAAATTTATAACGTTATAGTAACAGCTCATGCCTTTATTATAATTTTTTTTATAGTTATACCAATTATAATTGGAGGGTTTGGAAACTGATTAGTACCTTTAA 
11_32_in_1_7_29_12           CGGAAGATTTATTGGAGACGACCAGATTTACAATGTAATGGTCACAGCACACGCTTTTATCATAATTTTTTTTATAGTTATGCCAATTATAATTGGTGGATTTGGAAATTGACTAGTACCATTAA 
12_50_in_1_11_9_12           CGGAAGATTTATTGGAGACGACCAGATTTACAATGTAATGGTCACAGCACACGCTTTTATCATAATTTTTTTTATAGTTATGCCAATTATAATTGGTGGATTTGGAAATTGACTAGTACCATTAA 
12_50_in_2_11_9_12           CGGAAGATTTATTGGAGACGACCAGATTTACAATGTAATGGTCACAGCACACGCTTTTATCATAATTTTTTTTATAGTTATGCCAATTATAATTGGTGGATTTGGAAATTGACTAGTACCATTAA 
J_SM86_mu_1_11_9_12          AGGAAGATTTATTGGAGATGATCAAATTTATAATGTCATAGTAACTGCTCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATCGGAGGGTTTGGTAATTGATTAGTACCTCTAA 
J_SM86_mu_2_11_9_12          AGGAAGATTTATTGGAGATGATCAAATTTATAATGTCATAGTAACTGCTCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATCGGAGGGTTTGGTAATTGATTAGTACCTCTAA 
12_2_yt_1_7_29_12            AGGAAGTTTTATTGGAGATGATCAAATCTATAATGTGATAGTTACTGCTCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGGTTTGGTAATTGACTAGTACCATTAA 
12_FSA1_yt_1_11_9_12         AGGAAGTTTTATTGGAGATGACCAAATTTATAATGTGATAGTTACTGCCCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGATTTGGTAATTGATTAGTACCTTTAA 
12_FSA1_yt_2_11_9_12         AGGAAGTTTTATTGGAGATGATCAAATTTATAATGTGATAGTTACTGCCCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGTGGGTTTGGTAATTGATTAGTACCTTTAA 
11_21_Ent_1_7_29_12          AGGAAGATTTATTGGAGATGATCAGATTTATAATGTTATAGTTACAGCCCACGCTTTTATTATAATTTTCTTTATAGTTATGCCTATCATAATTGGAGGTTTCGGAAACTGATTAGTTCCTTTAA 
11_52_Wbu_1_7_29_12          AGGAAGATTTATTGGAGATGACCAAATTTATAATGTGATAGTTACTGCCCATGCTTTCATCATAATTTTCTTTATAGTTATACCTATTATAATTGGAGGTTTTGGAAACTGACTAGTTCCTTTAA 
11_135_Wsp_1_7_29_12         AGGTAGATTTATTGGAGATGATCAAATCTATAATGTGATAGTAACAGCCCACGCTTTTATCATAATTTTTTTCATGGTAATACCAATTATAATCGGAGGCTTTGGTAATTGATTAGTACCCCTAA 
11_50_ni_1_11_9_12           TGGTAGATTTATTGGAGATGATCAAATTTACAATGTTATAGTTACTGCACATGCTTTTATTATAATTTTTTTTATAGTTATACCTATTATAATTGGGGGATTTGGAAACTGATTAGTACCTTTAA 
12_FSVTlam_ni_1_12_20_12_B   TGGAAGATTTATTGGAGACGACCAAATTTATAATGTAATAGTTACAGCACATGCTTTTATTATAATTTTTTTTATAGTAATACCAATTATAATTGGTGGGTTTGGAAATTGATTAGTACCCATAA 
11_CDhend_bi_1_11_9_12       AGGCAGCTTTATCGGTGATGACCAAATCTATAACGTAATAGTTACTGCTCATGCTTTTATTATAATTTTCTTCATAGTAATACCAATCATAATTGGGGGCTTCGGAAACTGATTAGTGCCTTTAA 
11_CDhend_bi_2_11_9_12       AGGCAGCTTTATCGGTGATGACCAAATCTATAACGTAATAGTTACTGCTCATGCTTTTATTATAATTTTCTTCATAGTAATACCAATCATAATTGGGGGCTTCGGAAACTGATTAGTGCCTTTAA 
11_CDhend_ye_1_11_9_12       AGGCAGCTTTATCGGTGATGACCAAATCTATAACGTAATAGTTACTGCTCATGCTTTTATTATAATTTTCTTCATAGTAATACCAATCATAATTGGGGGCTTCGGAAACTGATTAGTGCCTTTAA 
11_149_Hso_1_7_29_12         AGGAAGTTTTATTGGTGACGATCAAATTTATAATGTAATAGTAACTGCTCATGCTTTTATTATAATTTTTTTTATAGTTATACCAATTATAATTGGAGGGTTTGGTAACTGACTTGTACCCTTAA 
12_19_Hsa_1_9_27_12          AGGAAGATTTATTGGAGATGATCAAATTTATAACGTTATAGTTACTGCTCACGCTTTCATTATGATTTTCTTTATAGTTATACCTATTATAATTGGTGGCTTTGGAAATTGACTAGTTCCCTTAA 
11_159_Wni_1_9_27_12         AGGAAGATTTATTGGAGATGATCAAATTTACAATGTAATAGTTACTGCCCATGCCTTTATTATAATCTTTTTCATGGTTATACCTATTATAATTGGAGGATTTGGAAACTGACTTGTTCCTTTAA 
11_134_as_2_11_9_12          AGGAAGATTTATTGGAGATGACCAAATCTATAATGTGATAGTAACAGCCCACGCATTCATTATAATCTTCTTTATAGTTATACCAATTATAATTGGAGGTTTCGGAAACTGATTAGTTCCCTTAA 
11_134_as_3_12_20_12         AGGAAGATTTATTGGAGATGACCAAATCTATAATGTGATAGTAACAGCCCACGCATTCATTATAATTTTCTTTATAGTTATACCAATTATAATTGGAGGTTTCGGAAACTGATTAGTTCCCTTAA 
12_9_sp2_1_12_20_12A         CGGAAGATTTATTGGAGATGATCAAATTTACAACGTTATAGTAACAGCTCATGCCTTTATTATAATTTTTTTTATAGTTATACCAATTATAATTGGTGGGTTTGGAAACTGATTAGTCCCCTTAA 
12_9_sp2_2_12_20_12A         CGGAAGATTTATTGGAGATGATCAAATTTACAACGTTATAGTAACAGCTCATGCCTTTATTATAATTTTTTTTATAGTTATACCAATTATAATTGGTGGGTTTGGAAACTGATTAGTCCCCTTAA 
12_9_sp2_1_12_20_12B         CGGAAGATTTATTGGAGATGATCAAATTTACAACGTTATAGTAACAGCACATGCCTTTATTATAATTTTTTTTATAGTTATACCAATTATAATTGGTGGATTTGGAAACTGATTGGTCCCCTTAA 
12_9_sp2_2_12_20_12B         CGGAAGATTTATTGGAGATGATCAAATTTACAACGTTATAGTAACAGCACATGCCTTTATTATAATTTTTTTTATAGTTATACCAATTATAATTGGTGGATTTGGAAACTGATTGGTCCCCTTAA 
Seira_dowlingi               TGGAAGATTTATTGAAGATGaCCAAATTTATAATGTCATAGTTACTGCCCACGCTTTTATCATAATTTTTTTTATAGTAATGCCCATCATAATTGGAGGGTTCGGAAACTGATTAGtACCTTTAA 
P_violenta                   CGGTAGATTTATTGGGGACGACCAAATTTATAACGTAATAgTTACCGCTCATGCCTTTATTATAATTtTTtTCATAGTAATACCTATTATAATCGGGGGGTTcGGTAATTGATTAGTGCCATTAA 
                                                                                                                                                           
                                      260       270       280       290       300       310       320       330       340       350       360       370    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_17_at_2_4_3_12            TAATCGGTGCCCCTGATATAGCCTTTCCACGAATAAACAATATAAGATTCTGGCTTCTTCCCCCATCTTTAACCCTCCTGTTAACAGGGGGGCTAGTAGAAAGAGGAGCTGGAACAGGTTGAACA 
11_17_at_3_2_17_12           TAATCGGTGCCCCTGATATAGCCTTTCCACGAATAAACAATATAAGATTCTGGCTTCTTCCCCCATCTTTAACCCTCCTGTTAACAGGGGGGCTAGTAGAAAGAGGAGCTGGAACAGGTTGAACA 
11_17_at_4_4_3_12            TAATTGGTGCCCCTGATATAGCCTTTCCACGAATAAACAATATAAGATTCTGGCTTCTTCCCCCATCTTTAACCCTCCTGTTAACAGGAGGGCTAGTAGAAAGAGGAGCTGGAACAGGTTGAACA 
11_17_at_5_11_9_12           TAATCGGTGCCCCTGATATAGCCTTTCCACGAATAAACAATATAAGATTCTGGCTTCTTCCCCCATCTTTAACCCTCCTGTTAACAGGGGGGCTAGTAGAAAGAGGAGCTGGAACAGGTTGAACA 
11_17_at_6_4_3_12            TAATTGGTGCCCCTGATATAGCCTTTCCACGAATAAACAATATAAGATTCTGGCTTCTTCCCCCATCTTTAACCCTCCTGTTAACAGGAGGGCTAGTAGAAAGAGGAGCTGGAACAGGTTGAACA 
11_60_as_1_4_3_12            TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAACAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_60_as_2_4_3_12            TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_82_as_1_4_3_12            TAATTGGAGCCCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTATTATTAGTAGGAGGACTTGTAGAAAGAGGTGTGGGGACAGGGTGGACT 
11_82_as_2_4_3_12            TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_90_as_1_7_29_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAACAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_90_as_2_7_29_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAACAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_100_as_1_4_3_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_100_as_2_4_3_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 




                                      260       270       280       290       300       310       320       330       340       350       360       370    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_116_as_2_11_9_12          TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_157_as_2_4_3_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_157_as_3_4_3_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_160_as_1_4_3_12           TAATTGGAGCCCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTATTATTAGTAGGAGGACTTGTAGAAAGAGGTGTGGGGACAGGGTGGACT 
11_160_as_2_4_3_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAACAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
12_6_as_1_7_29_12            TAATTGGAGCCCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTATTATTAGTAGGAGGACTTGTAGAAAGAGGTGTGGGGACAGGGTGGACT 
12_6_as_2_7_29_12            TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTTTTATTAGTAGGAGGACTCGTAGAAAGAGGAGCAGGAACAGGATGAACT 
12_50_as_1_11_9_12           TAATTGGAGCTCCAGATATGGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTCTATTATTAGTAGGAGGACTCGTAGAAAGAGGTGCAGGAACAGGATGAACT 
11_33_li_1_1_18_12           TAATTGGGGCCCCAGATATAGCTTTTCCTCGTATAAATAACATAAGTTTTTGACTTCTTCCTCCTTCTTTAACACTTTTATTAACAGGGGGTTTAGTAGAAAGAGGAGCAGGAACAGGCTGAACT 
11_33_li_2_4_3_12            TAATTGGGGCCCCAGATATAGCTTTTCCCCGTATAAATAACATAAGTTTTTGACTTCTTCCTCCTTCTTTAACACTTTTATTAACAGGGGGTTTAGTAGAAAGAGGAGCAGGAACAGGCTGAACT 
11_33_li_3_4_3_12            TAATTGGGGCCCCAGATATAGCTTTTCCCCGTATAAATAACATAAGTTTTTGACTTCTTCCTCCTTCTTTAACACTTTTATTAACAGGGGGTTTAGTAGAAAGAGGAGCAGGAACAGGCTGAACT 
11_37_li_1_4_15_12           TAATTGGAGCCCCAGATATGGCTTTCCCTCGAATAAATAATATAAGTTTTTGACTCCTTCCCCCTTCTTTAACCCTTTTATTAACAGGAGGTCTAGTAGAAAGAGGTGCCGGGACTGGATGAACA 
11_37_li_2_4_3_12            TAATTGGAGCCCCAGATATGGCTTTCCCTCGAATAAATAATATAAGTTTTTGACTCCTTCCCCCTTCTTTAACCCTTTTATTAACAGGAGGTCTAGTAGAAAGAGGTGCCGGTACTGGATGAACA 
11_39_li_1_4_3_12            TAATTGGAGCCCCAGATATGGCTTTCCCTCGTATAAATAACATAAGTTTTTGACTCCTCCCTCCTTCTCTAACTCTTTTATTAACAGGAGGTTTAGTAGAAAGAGGGGCCGGAACAGGATGAACT 
11_39_li_2_4_3_12            TAATTGGAGCCCCAGATATGGCTTTCCCTCGTATAAATAACATAAGTTTTTGACTCCTCCCTCCTTCTCTAACTCTTTTATTAACAGGAGGTTTAGTAGAAAGAGGGGCCGGAACAGGATGAACT 
11_39_li_3_11_9_12           TAATTGGAGCCCCAGATATGGCTTTCCCTCGTATAAATAACATAAGTTTTTGACTCCTCCCTCCTTCTCTAACTCTTTTATTAACAGGAGGTTTAGTAGAAAGAGGGGCCGGAACAGGATGAACT 
11_41_li_1_11_9_12           TAATTGGAGCCCCAGATATGGCTTTCCCTCGAATAAATAACATAAGTTTTTGACTTCTCCCCCCCTCTCTAACTCTTTTACTGACAGGAGGATTAGTAGAAAGAGGAGCCGGAACAGGATGAACT 
11_41_li_2_4_3_12            TAATTGGAGCCCCAGATATGGCTTTCCCTCGAATAAATAACATAAGTTTTTGACTTCTCCCCCCCTCTCTAACTCTTTTACTGACAGGAGGATTAGTAGAAAGAGGAGCCGGAACAGGATGAACT 
11_41_li_3_9_11_12           TAATTGGAGCCCCAGATATGGCTTTCCCTCGAATAAATAACATAAGTTTTTGACTTCTCCCCCCCTCTCTAACTCTTTTACTGACAGGAGGATTAGTAGAAAGAGGAGCCGGAACAGGATGAACT 
11_BGA1_li_1_4_3_12          TAATTGGAGCCCCAGATATGGCTTTCCCCCGAATAAATAACATAAGTTTTTGACTTCTCCCCCCTTCTCTAACTCTTTTACTGACAGGAGGATTAGTAGAAAGAGGAGCTGGAACAGGATGAACT 
11_BGA1_li_2_4_3_12          TAATTGGAGCCCCAGATATGGCTTTCCCCCGAATAAATAACATAAGTTTTTGACTTCTCCCCCCTTCTCTAACTCTTTTACTGACAGGAGGATTAGTAGAAAGAGGAGCTGGAACAGGATGAACT 
11_JCIL1_qu_1_4_27_12        TAATTGGAGCTCCTGATATAGCTTTTCCACGAATAAATAATATAAGTTTTTGATTGCTTCCCCCTTCTCTAACTTTATTATTAGTAGGTGGACTAGTTGAAAGAGGGGCCGGTACCGGGTGGACC 
11_JCIL1_qu_2_7_29_12        TAATTGGAGCTCCTGATATAGCTTTTCCACGAATAAATAATATAAGTTTTTGATTGCTTCCCCCTTCTCTAACTTTATTATTAGTAGGTGGACTAGTTGAAAGAGGGGCCGGTACCGGGTGGACC 
11_59a_qu_2_7_10_12          TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAATAATATAAGTTTTTGATTGCTTCCCCCTTCTCTAACTTTATTATTAGTAGGTGGATTAGTTGAAAGAGGGGCCGGTACAGGGTGGACA 
11_59a_qu_1_7_10_12          TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAATAATATAAGTTTTTGATTGCTTCCCCCTTCTCTAACTTTATTATTAGTAGGTGGATTAGTTGAAAGAGGGGCCGGTACAGGGTGGACA 
11_61_qu_1_7_10_12           TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAATAATATAAGTTTTTGATTGCTTCCCCCTTCTCTAACTTTATTATTAGTAGGTGGACTAGTTGAAAGAGGGGCCGGTACAGGGTGGACA 
11_61_qu_2_7_10_12           TGATTGGAGCTCCTGACATAGCTTTTCCACGAATAAATAATATAAGTTTTTGATTGCTTCCCCCTTCTCTAACTTTATTACTAGTGGGTGGATTAGTTGAAAGAGGGGCCGGTACCGGATGGACA 
11_105_qu_1_4_27_12          TGATTGGAGCCCCTGATATAGCTTTTCCACGAATAAATAATATAAGTTTTTGATTGCTTCCCCCTTCTCTAACTTTATTATTAGTAGGTGGATTAGTTGAAAGAGGAGCCGGTACCGGATGGACA 
11_105_qu_2_7_10_12          TAATCGGTGCCCCAGATATAGCTTTCCCCCGAATAAATAATATAAGTTTTTGATTGCTTCCTCCATCTTTAACTCTATTATTAGTAGGGGGATTAGTAGAAAGAGGAGCTGGAACCGGATGAACA 
11_108_qu_1_7_10_12          TAATTGGTGCCCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTTCCTCCATCATTAACCCTATTATTAATCGGTGGTTTAGTAGAAAGAGGGGCTGGAACCGGATGAACC 
11_108_qu_2_7_10_12          TAATCGGTGCCCCAGATATAGCCTTCCCCCGAATAAATAATATAAGTTTTTGATTGCTTCCTCCATCATTAACCCTATTATTAGTCGGCGGCTTAGTAGAAAGAGGGGCTGGAACCGGATGAACC 
12_2_qu_1_11_9_12            TAATTGGTGCCCCAGATATAGCTTTCCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCATCATTAACTCTATTACTAGTAGGAGGGTTGGTAGAAAGAGGGGCTGGGACAGGATGAACA 
12_2_qu_2_7_10_12            TAATTGGTGCCCCAGATATAGCTTTCCCTCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCATCATTAACTCTATTACTAGTAGGAGGGTTGGTAGAAAGAGGGGCTGGGACAGGATGAACA 
12_FSA2_qu_1_11_9_12         TAATTGGTGCCCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTTCCTCCATCATTAACCCTATTATTAGTCGGTGGTTTAGTAGAAAGAGGGGCTGGAACCGGATGAACC 
12_FSA2_qu_2_11_9_12         TAATTGGTGCCCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGATTGCTTCCTCCATCATTAACCCTATTATTAGTCGGTGGTTTAGTAGAAAGAGGGGCTGGAACCGGATGAACC 
11_74_cl_1_4_27_12           TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTGCTTCCCCCTTCATTAACTTTATTATTAGCAGGAGGGTTAGTAGAAAGAGGTGCCGGCACAGGATGAACC 
11_74_cl_2_4_27_12           TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTGCTTCCCCCTTCATTAACTTTATTATTAGCAGGAGGGTTAGTAGAAAGAGGTGCCGGCACAGGATGAACA 
11_100_cl_1_12_20_12         TAATTGGAGCTCCTGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTGCTTCCCCCTTCATTAACTTTATTATTAGCAGGAGGGTTAGTAGAAAGAGGTGCCGGCACAGGATGAACC 
11_100_cl_2_7_10_12          TAATTGGAGCTCCGGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTACTTCCCCCTTCATTAACTTTATTATTAGCGGGAGGGCTAGTAGAAAGAGGTGCCGGTACAGGATGAACT 
11_166_cl_1_4_27_12          TAATTGGAGCTCCGGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTACTTCCCCCTTCATTAACTTTATTATTAGCGGGAGGGCTAGTAGAAAGAGGTGCCGGTACAGGATGAACT 
11_166_cl_2_7_10_12          TAATTGGAGCACCGGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTACTTCCCCCTTCATTAACTTTATTATTAGCGGGAGGGCTAGTAGAAAGAGGTGCCGGCACAGGATGAACT 
11_81_cl_1_7_29_12           TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTGCTTCCCCCTTCATTAACTTTATTATTAGCAGGAGGGTTAGTAGAAAGAGGTGCCGGCACAGGATGAACC 
11_81_cl_2_7_29_12           TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTGCTTCCCCCTTCATTAACTTTATTATTAGCAGGAGGGTTAGTAGAAAGAGGTGCCGGCACAGGATGAACC 
11_59_cl_1_7_29_12           TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTGCTTCCCCCTTCATTAACTTTATTATTAGCAGGAGGGTTAGTAGAAAGAGGTGCCGGCACAGGATGAACC 
11_116_cl_1_7_29_12          TAATTGGAGCTCCGGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTACTTCCCCCTTCATTAACTTTATTATTAGCGGGAGGGCTAGTAGAAAGAGGTGCCGGCACAGGATGAACT 
11_142_cl_1_11_9_12          TAATTGGAGCCCCGGATATAGCTTTCCCACGAATAAACAATATAAGTTTTTGATTACTTCCCCCTTCATTAACTTTATTATTAGCGGGAGGGCTAGTAGAAAGAGGTGCCGGCACAGGATGAACT 
11_32_in_1_7_29_12           TAATTGGTGCCCCTGATATAGCATTCCCCCGTATGAATAATATAAGATTCTGGCTTCTTCCCCCTTCTCTAACCCTTTTATTAACAGGGGGTCTAGTAGAAAGAGGAGCCGGAACTGGATGAACA 
12_50_in_1_11_9_12           TAATTGGTGCCCCTGATATAGCATTCCCCCGTATGAATAATATAAGATTCTGGCTTCTTCCCCCTTCTCTAACCCTTTTATTAACAGGGGGTCTAGTAGAAAGAGGAGCCGGAACTGGATGAACA 
12_50_in_2_11_9_12           TAATTGGTGCCCCTGATATAGCATTCCCCCGTATGAATAATATAAGATTCTGGCTTCTTCCCCCTTCTCTAACCCTTTTATTAACAGGGGGTCTAGTAGAAAGAGGAGCCGGAACTGGATGAACA 
J_SM86_mu_1_11_9_12          TAATTGGTGCCCCAGATATAGCTTTTCCTCGAATAAACAACATAAGATTCTGACTCCTACCCCCCTCTCTAACCCTTCTTCTTACAGGAGGTTTAGTAGAAAGAGGAGCCGGAACTGGTTGAACA 
J_SM86_mu_2_11_9_12          TAATTGGTGCCCCAGATATAGCTTTTCCTCGAATAAACAACATAAGATTCTGACTCCTACCCCCCTCTCTAACCCTTCTTCTTACAGGAGGTTTAGTAGAAAGAGGAGCCGGAACTGGTTGAACA 
12_2_yt_1_7_29_12            TAATTGGAGCCCCTGACATAGCTTTTCCTCGAATAAATAATATAAGATTTTGACTTCTTCCTCCTTCTTTAACTCTTTTATTAACAGGAGGGTTAGTAGAAAGAGGAGCTGGTACCGGATGAACA 




                                      260       270       280       290       300       310       320       330       340       350       360       370    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
12_FSA1_yt_2_11_9_12         TAATTGGAGCCCCTGATATAGCTTTCCCACGAATAAATAATATAAGCTTTTGACTCCTTCCTCCTTCTTTAACTCTTTTATTAACAGGAGGGTTAGTAGAAAGAGGAGCTGGTACCGGATGAACA 
11_21_Ent_1_7_29_12          TAATTGGAGCTCCTGATATAGCTTTTCCCCGTATAAATAATATAAGTTTTTGATTGCTCCCTCCATCATTAACCTTATTATTAACAGGGGGTTTAGTAGAAAGAGGAGCAGGAACTGGTTGAACA 
11_52_Wbu_1_7_29_12          TAATTGGAGCCCCAGACATAGCTTTCCCTCGAATGAACAATATAAGTTTCTGACTTCTTCCCCCATCTCTAACTTTACTGCTTACAGGAGGTTTAGTAGAAAGAGGAGCAGGAACAGGATGAACT 
11_135_Wsp_1_7_29_12         TAATTGGAGCACCCGATATAGCCTTCCCACGAATAAACAATATAAGATTTTGACTACTCCCACCTTCATTAACCCTACTTTTAGCAGGAGGGTTAGTAGAAAGAGGAGCTGGAACTGGATGAACT 
11_50_ni_1_11_9_12           TAATCGGTGCCCCTGATATAGCATTTCCCCGGATAAATAACATAAGATTCTGGCTTCTTCCCCCCTCTCTAACCCTTTTATTAACAGGAGGGTTAGTAGAAAGAGGAGCCGGAACTGGATGAACG 
12_FSVTlam_ni_1_12_20_12_B   TAATTGGTGCCCCTGATATAGCGTTTCCTCGTTTAAATAATATAAGATTCTGGCTCCTTCCCCCTTCTCTAATCCTTTTATTAACAGGAGGGTTAGTAGAAAGAGGAGCCGGAACCGGATGAACT 
11_CDhend_bi_1_11_9_12       TAATTGGTGCCCCCGATATAGCATTCCCCCGAATGAATAATATAAGTTTCTGATTGCTTCCTCCTTCTTTAACATTATTATTAGTCGGGGGGTTAGTCGAAAGTGGAGCCGGCACCGGTTGAACA 
11_CDhend_bi_2_11_9_12       TAATTGGTGCCCCCGATATAGCATTCCCCCGAATGAATAATATAAGTTTCTGATTGCTTCCTCCTTCTTTAACATTATTATTAGTCGGGGGGTTAGTCGAAAGTGGAGCCGGCACCGGTTGAACA 
11_CDhend_ye_1_11_9_12       TAATTGGTGCCCCCGATATAGCATTCCCCCGAATGAATAATATAAGTTTCTGATTGCTTCCTCCTTCTTTAACATTATTATTAGTCGGGGGGTTAGTCGAAAGTGGAGCCGGCACCGGTTGAACA 
11_149_Hso_1_7_29_12         TAATTGGAGCCCCTGATATAGCTTTCCCCCGTATAAATAATATAAGTTTTTGATTGCTCCCCCCATCTTTAACTTTATTACTAACAGGAGGATTAGTAGAAAGAGGAGCAGGAACAGGATGAACT 
12_19_Hsa_1_9_27_12          TAATTGGGGCTCCTGATATAGCTTTCCCACGAATGAATAATATAAGTTTTTGACTGCTCCCTCCGTCTTTAACTTTATTATTAACAGGGGGTTTAGTAGAAAGAGGAGCCGGGACTGGGTGAACA 
11_159_Wni_1_9_27_12         TAATTGGAGCACCTGATATGGCGTTTCCTCGGATAAATAATATAAGTTTTTGACTACTTCCCCCGTCTTTAACTTTATTACTAACAGGAGGCCTAGTAGAAAGAGGAGCGGGAACCGGATGAACA 
11_134_as_2_11_9_12          TAATTGGGGCCCCAGACATAGCTTTCCCCCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTTTATTATTAGTAGGAGGATTGGTAGAAAGAGGGGCAGGAACCGGATGAACA 
11_134_as_3_12_20_12         TAATTGGGGCCCCAGACATAGCTTTCCCCCGAATAAATAATATAAGTTTTTGATTGCTCCCCCCTTCATTAACTTTATTATTAGTAGGAGGATTGGTAGAAAGAGGGGCAGGAACCGGATGAACA 
12_9_sp2_1_12_20_12A         TAATTGGAGCACCTGATATAGCTTTCCCTCGCATAAATAATATAAGTTTTTGATTGCTACCCCCTTCATTAACTTTATTACTAGCAGGAGGCTTAGTAGAAAGAGGGGCAGGAACAGGGTGAACA 
12_9_sp2_2_12_20_12A         TAATTGGAGCACCTGATATAGCTTTCCCTCGCATAAATAATATAAGTTTTTGATTGCTACCCCCTTCATTAACTTTATTACTAGCAGGAGGCTTAGTAGAAAGAGGAGCAGGAACAGGGTGAACA 
12_9_sp2_1_12_20_12B         TAATTGGAGCACCTGATATAGCTTTCCCTCGCATAAATAATATAAGTTTTTGATTGCTACCCCCTTCATTAACTTTATTACTAGCAGGGGGCTTAGTAGAAAGCGGGGCAGGAACAGGATGAACA 
12_9_sp2_2_12_20_12B         TAATTGGAGCACCTGATATAGCTTTCCCTCGCATAAATAATATAAGTTTTTGATTGCTACCCCCTTCATTAACTTTATTACTAGCAGGGGGCTTAGTAGAAAGCGGGGCAGGAACAGGATGAACA 
Seira_dowlingi               TAATTGGATCCCCTGATATAGCATTTCCTCGGATAAATAACATAAGTTTCTGATTACTTCCCCCTTCCCTAACCCTTTTACTTTCAGGAGGGTTAGTAGAAAGCGGGGCTGGTACAGGATGAACT 
P_violenta                   TAATCGGGGCCCCTGATATAGCTTTCCCACGAATAAATAATATAAGCTTTTGACTACTTCCCCCCTCCCTAACCCTTCTTCTTATGGGAGGATTAGTTGAGAGAGGGGCAGGAACAGGGTGAACT 
                                                                                                                                                           
                                 380       390       400       410       420       430       440       450       460       470       480       490         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_17_at_2_4_3_12            GTATACCCGCCTTTAGCTGCTGGAATTGCCCATGCCGGGGCTTCTGTAGACCTATCTATTTTTAGACTTCATTTAGCCGGGGCATCTTCGATTTTAGGGGCCGTAAATTTTATTACCACTATTAT 
11_17_at_3_2_17_12           GTATACCCACCTTTAGCTGCTGGAATTGCCCATGCCGGGGCTTCTGTAGACCTATCTATTTTTAGACTTCATTTAGCCGGGGCATCTTCGATTTTAGGGGCCGTAAATTTTATTACCACTATTAT 
11_17_at_4_4_3_12            GTATACCCACCTTTAGCTGCTGGAATTGCCCATGCCGGGGCTTCTGTAGACTTATCTATTTTTAGACTTCATTTAGCCGGGGCATCTTCGATTTTAGGGGCCGTAAATTTTATTACCACTATTAT 
11_17_at_5_11_9_12           GTATACCCGCCTTTAGCTGCTGGAATTGCCCATGCCGGGGCTTCTGTAGACCTATCTATTTTTAGACTTCATTTAGCCGGGGCATCTTCGATTTTAGGGGCCGTAAATTTTATTACCACTATTAT 
11_17_at_6_4_3_12            GTATACCCACCTTTAGCTGCTGGAATTGCCCATGCCGGGGCTTCTGTAGACTTATCTATTTTTAGACTTCATTTAGCCGGGGCATCTTCGATTTTAGGGGCCGTAAATTTTATTACCACTATTAT 
11_60_as_1_4_3_12            GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAGTTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACAATTAT 
11_60_as_2_4_3_12            GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGGGCAGTAAATTTCATTACAACAATTAT 
11_82_as_1_4_3_12            GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCTTCAGTAGACCTTTCAATTTTCAGCCTTCATCTAGCTGGTGCCTCATCAATTCTAGGGGCAGTAAATTTTATTACAACAATTAT 
11_82_as_2_4_3_12            GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGGGCAGTAAATTTCATTACAACAATTAT 
11_90_as_1_7_29_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAGTTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACAATTAT 
11_90_as_2_7_29_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAGTTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACAATTAT 
11_100_as_1_4_3_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGGGCAGTAAATTTCATTACAACAATTAT 
11_100_as_2_4_3_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGGGCAGTAAATTTCATTACAACAATTAT 
11_116_as_1_4_3_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCTTCAGTAGACCTTTCAATTTTCAGCCTTCATCTAGCTGGTGCCTCATCAATTCTAGGGGCAGTAAATTTTATTACAACAATTAT 
11_116_as_2_11_9_12          GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACAATTAT 
11_157_as_2_4_3_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGGGCAGTAAATTTCATTACAACAATTAT 
11_157_as_3_4_3_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACAATTAT 
11_160_as_1_4_3_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCTTCAGTAGACCTTTCAATTTTCAGCCTTCATCTAGCTGGTGCCTCATCAATTCTAGGGGCAGTAAATTTTATTACAACAATTAT 
11_160_as_2_4_3_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAGTTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACAATTAT 
12_6_as_1_7_29_12            GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCTTCAGTAGACCTTTCAATTTTCAGCCTTCATCTAGCTGGTGCCTCATCAATTCTAGGGGCAGTAAATTTTATTACAACAATTAT 
12_6_as_2_7_29_12            GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCCTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACAATTAT 
12_50_as_1_11_9_12           GTTTACCCTCCATTAGCTAGAGGTATTGCTCATGCCGGAGCTTCAGTAGACCTTTCAATTTTCAGCCTTCATTTAGCAGGTGCCTCATCAATTCTAGGGGCAGTAAATTTCATTACAACAATTAT 
11_33_li_1_1_18_12           GTTTACCCCCCTTTAGCAGCTGGTATTGCCCATGCAGGGGCTTCTGTTGATTTATCAATTTTTAGACTACACCTTGCTGGTGCTTCATCTATTTTAGGGGCTGTAAATTTTATTACAACTATTAT 
11_33_li_2_4_3_12            GTTTACCCTCCTTTAGCAGCTGGTATTGCCCATGCAGGGGCTTCTATTGATTTATCAATTTTTAGATTACACCTTGCTGGTGCTTCATCTATTTTAGGGGCTGTAAATTTTATTACAACTATTAT 
11_33_li_3_4_3_12            GTTTACCCTCCTTTAGCAGCTGGTATTGCCCATGCAGGGGCTTCTGTTGATTTATCAATTTTTAGATTACACCTTGCTGGTGCTTCATCTATTTTAGGGGCTGTAAATTTTATTACAACTATTAT 
11_37_li_1_4_15_12           GTGTATCCCCCATTAGCTGCTGGAATTGCCCATGCAGGAGCCTCTGTTGATTTATCAATTTTTAGTCTTCATTTAGCCGGAGCTAGCTCTATTTTGGGGGCAGTAAATTTTATTACAACTATTAT 
11_37_li_2_4_3_12            GTGTATCCCCCCTTAGCTGCTGGAATTGCCCATGCAGGAGCCTCTGTTGATTTATCAATTTTTAGTCTTCATTTAGCCGGAGCTAGCTCTATTTTGGGGGCAGTAAATTTTATTACAACTATTAT 
11_39_li_1_4_3_12            GTATATCCCCCATTAGCTGCTGGTATTGCTCACGCAGGGGCCTCTGTTGATTTATCAATTTTTAGACTTCATCTCGCCGGAGCAAGATCTATTTTAGGGGCAGTAAATTTTATTACAACTATTAT 
11_39_li_2_4_3_12            GTATATCCCCCATTAGCTGCTGGTATTGCTCACGCAGGGGCCTCTGTTGATTTATCAATTTTTAGACTTCATCTCGCCGGAGCAAGATCTATTTTAGGGGCAGTAAATTTTATTACAACTATTAT 




                                 380       390       400       410       420       430       440       450       460       470       480       490         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_41_li_1_11_9_12           GTATATCCCCCTTTAGCTGCTGGTATTGCTCACGCAGGGGCCTCTGTTGATTTATCAATTTTTAGACTTCATCTCGCTGGGGCAAGATCTATTTTAGGTGCAGTAAATTTTATTACAACTATTAT 
11_41_li_2_4_3_12            GTATATCCCCCTTTAGCTGCTGGTATTGCTCACGCAGGGGCCTCTGTTGATTTATCAATTTTTAGACTTCATCTCGCTGGGGCAAGATCTATTTTAGGTGCAGTAAATTTTATTACAACTATTAT 
11_41_li_3_9_11_12           GTATATCCCCCTTTAGCTGCTGGTATTGCTCACGCAGGGGCCTCTGTTGATTTATCAATTTTTAGACTTCATCTCGCTGGGGCAAGATCTATTTTAGGTGCAGTAAATTTTATTACAACTATTAT 
11_BGA1_li_1_4_3_12          GTATACCCCCCTTTAGCTGCTGGTATTGCTCACGCAGGGGCCTCTGTTGATTTATCAATTTTTAGACTTCATCTCGCCGGGGCAAGATCTATTTTAGGTGCAGTAAATTTTATTACAACTATTAT 
11_BGA1_li_2_4_3_12          GTATACCCCCCTTTAGCTGCTGGTATTGCTCACGCAGGGGCCTCTGTTGATTTATCAATTTTTAGACTTCATCTCGCCGGGGCAAGATCTATTTTAGGTGCAGTAAATTTTATTACAACTATTAT 
11_JCIL1_qu_1_4_27_12        GTCTACCCCCCTCTTGCCTCAGGTATCGCCCACGCAGGTGCTTCTGTTGATCTTTCGATCTTCAGCCTCCACCTAGCAGGTGCCTCTTCTATTCTAGGAGCTGTAAATTTTATTACAACTATCAT 
11_JCIL1_qu_2_7_29_12        GTCTACCCCCCTCTTGCCTCAGGTATCGCCCACGCAGGTGCTTCTGTTGATCTTTCGATCTTCAGCCTCCACCTAGCAGGTGCCTCTTCTATTCTAGGGGCTGTAAATTTTATTACAACTATCAT 
11_59a_qu_2_7_10_12          GTCTACCCCCCTCTTGCCTCAGGTATCGCCCACGCAGGTGCTTCTGTCGATCTTTCAATCTTCAGCCTCCACCTAGCAGGTGCTTCTTCTATTCTAGGAGCTGTAAATTTTATTACAACTATTAT 
11_59a_qu_1_7_10_12          GTCTACCCCCCTCTTGCCTCAGGTATCGCCCACGCAGGTGCTTCTGTCGATCTTTCAATCTTCAGCCTCCACCTAGCAGGTGCTTCTTCTATTCTAGGAGCTGTAAATTTTATTACAACTATTAT 
11_61_qu_1_7_10_12           GTCTACCCCCCTCTTGCCTCAGGTATCGCCCACGCAGGTGCTTCTGTCGATCTTTCAATCTTCAGCCTCCACCTAGCAGGCGCTTCTTCTATTCTAGGAGCTGTAAATTTTATTACAACTATTAT 
11_61_qu_2_7_10_12           GTCTACCCCCCTCTTGCCTCAGGTATCGCCCACGCAGGTGCTTCTGTTGATCTTTCAATCTTCAGCCTCCACCTAGCAGGTGCTTCTTCTATTCTAGGAGCTGTAAATTTTATTACAACTATCAT 
11_105_qu_1_4_27_12          GTTTACCCCCCTCTTGCCTCAGGTATTGCCCACGCAGGTGCTTCTGTTGATCTTTCAATCTTCAGCCTCCATTTAGCAGGTGCTTCTTCTATTCTAGGGGCTGTAAATTTTATTACAACTATCAT 
11_105_qu_2_7_10_12          GTTTACCCTCCCTTAGCCTCAGGTATTGCTCATGCCGGAGCTTCCGTAGATCTCTCTATCTTTAGACTTCACCTGGCCGGTGCATCCTCGATTCTAGGGGCAGTAAATTTTATTACTACAATTAT 
11_108_qu_1_7_10_12          GTTTACCCACCCTTAGCCTCAGGTATTGCTCACGCCGGGGCTTCCGTAGACCTTTCCATTTTTAGTCTTCACCTAGCTGGTGCTTCTTCTATCCTAGGAGCAGTTAATTTTATCACTACAATTAT 
11_108_qu_2_7_10_12          GTTTACCCACCTTTAGCCTCAGGCATTGCTCATGCCGGGGCTTCAGTAGACCTTTCCATTTTTAGACTTCATTTAGCTGGTGCCTCTTCTATTCTAGGAGCAGTCAATTTTATCACTACAATTAT 
12_2_qu_1_11_9_12            GTTTACCCCCCCTTAGCCTCAGGTATCGCACATGCTGGAGCTTCCGTAGATCTTTCTATTTTTAGACTTCACTTAGCCGGTGCCTCCTCAATTTTGGGTGCAGTAAATTTTATCACTACAATTAT 
12_2_qu_2_7_10_12            GTTTACCCCCCCTTAGCCTCAGGTATCGCACATGCTGGAGCTTCCGTAGATCTTTCTATTTTTAGACTTCACTTAGCCGGTGCCTCCTCAATTTTGGGTGCAGTAAATTTTATCACTACAATTAT 
12_FSA2_qu_1_11_9_12         GTTTACCCACCTTTAGCCTCAGGTATTGCTCACGCCGGGGCTTCAGTAGACCTTTCCATTTTTAGTCTTCACCTAGCTGGTGCTTCTTCTATCCTAGGAGCGGTTAATTTTATCACTACAATTAT 
12_FSA2_qu_2_11_9_12         GTTTACCCACCTTTAGCCTCAGGTATTGCTCACGCCGGGGCTTCAGTAGACCTTTCCATTTTTAGTCTTCACCTAGCTGGTGCTTCTTCTATCCTAGGAGCGGTTAATTTTATCACTACAATTAT 
11_74_cl_1_4_27_12           GTTTACCCGCCCTTAGCTTCTGGCATTGCCCATGCAGGAGCCTCAGTAGATTTATCAATTTTTAGCCTTCATTTAGCCGGAGCCAGCTCAATTTTAGGAGCAGTAAACTTTATTACTACTATTAT 
11_74_cl_2_4_27_12           GTTTACCCGCCCTTAGCTTCTGGCATTGCCCATGCAGGAGCCTCAGTAGATTTATCAATTTTTAGCCTTCATTTAGCCGGAGCCAGCTCAATTTTAGGAGCAGTAAACTTTATTACTACTATTAT 
11_100_cl_1_12_20_12         GTTTACCCCCCCTTAGCTTCTGGCATTGCCCATGCAGGAGCCTCAGTAGATTTATCAATTTTTAGCCTTCATTTAGCCGGAGCCAGCTCAATTTTAGGAGCAGTAAACTTTATTACTACTATTAT 
11_100_cl_2_7_10_12          GTTTACCCACCTTTAGCATCTGGAATTGCTCATGCTGGGGCCTCAGTAGATTTATCAATTTTTAGTCTTCACTTAGCTGGGGCTAGATCAATCTTAGGCGCAGTAAACTTTATTACTACTATTAT 
11_166_cl_1_4_27_12          GTTTACCCACCTTTAGCATCTGGAATTGCTCATGCTGGGGCCTCAGTAGATTTATCAATTTTTAGTCTTCACTTAGCTGGGGCTAGATCAATCTTAGGCGCAGTAAACTTTATTACTACTATTAT 
11_166_cl_2_7_10_12          GTTTATCCACCTTTAGCATCTGGTATTGCTCATGCTGGGGCCTCAGTAGATTTATCAATTTTTAGCCTTCACTTAGCTGGGGCTAGATCAATCTTAGGTGCAGTAAACTTTATTACTACTATTAT 
11_81_cl_1_7_29_12           GTTTACCCGCCCTTAGCTTCTGGCATTGCCCATGCAGGAGCCTCAGTAGATTTATCAATTTTTAGCCTTCATTTAGCCGGAGCCAGCTCAATTTTAGGAGCAGTAAACTTTATTACTACTATTAT 
11_81_cl_2_7_29_12           GTTTACCCGCCCTTAGCTTCTGGCATTGCCCATGCAGGAGCCTCAGTAGATTTATCAATTTTTAGCCTTCACTTAGCCGGAGCCAGCTCAATTTTAGGAGCAGTAAACTTTATTACTACTATTAT 
11_59_cl_1_7_29_12           GTTTACCCGCCCTTAGCTTCTGGCATTGCCCATGCAGGAGCCTCAGTAGATTTATCAATTTTTAGCCTTCATTTAGCCGGAGCCAGCTCAATTTTAGGAGCAGTAAACTTTATTACTACTATTAT 
11_116_cl_1_7_29_12          GTTTATCCACCTTTAGCATCTGGTATTGCTCATGCTGGGGCCTCAGTAGATTTATCAATTTTTAGCCTTCACTTAGCTGGGGCTAGATCAATCTTAGGTGCAGTAAACTTTATTACTACTATTAT 
11_142_cl_1_11_9_12          GTTTATCCACCCTTAGCATCTGGTATTGCTCATGCTGGGGCCTCAGTAGACTTATCAATTTTTAGCCTTCACTTAGCTGGGGCTAGATCAATCTTAGGTGCAGTAAACTTTATTACTACTATTAT 
11_32_in_1_7_29_12           GTCTACCCCCCCTTAGCTGCCGGTATCGCCCATGCTGGGGCTTCTGTAGATCTCTCAATCTTCAGACTTCATTTAGCAGGTGCGTCTTCAATTCTAGGTGCTGTAAATTTTATCACAACTATTAT 
12_50_in_1_11_9_12           GTCTACCCCCCCTTAGCTGCCGGTATCGCCCATGCTGGGGCTTCTGTAGATCTCTCAATCTTCAGACTTCATTTAGCAGGTGCGTCTTCAATTCTAGGTGCTGTAAATTTTATCACAACTATTAT 
12_50_in_2_11_9_12           GTCTACCCCCCCTTAGCTGCCGGTATCGCCCATGCTGGGGCTTCTGTAGATCTCTCAATCTTCAGACTTCATTTAGCAGGTGCGTCTTCAATTCTAGGTGCTGTAAATTTTATCACAACTATTAT 
J_SM86_mu_1_11_9_12          GTTTACCCCCCATTAGCTGCAGGTATTGCTCACGCTGGAGCTTCTGTTGACCTATCTATTTTCAGTTTACATTTAGCAGGAGCCTCATCAATTTTAGGAGCAGTAAATTTTATCACAACAATTAT 
J_SM86_mu_2_11_9_12          GTTTACCCCCCATTAGCTGCAGGTATTGCTCACGCTGGAGCTTCTGTTGACCTATCTATTTTCAGTTTACATTTAGCAGGAGCCTCATCAATTTTAGGAGCAGTAAATTTTATCACAACAATTAT 
12_2_yt_1_7_29_12            GTTTACCCCCCTTTAGCTGCCGGCATCGCTCATGCAGGAGCCTCTGTTGATTTATCAATTTTTAGTCTTCATCTTGCAGGAGCAAGATCTATTTTAGGAGCCGTAAATTTTATTACAACTATTAT 
12_FSA1_yt_1_11_9_12         GTATACCCCCCTTTAGCTGCCGGTATCGCTCATGCAGGAGCTTCTGTTGACCTGTCAATTTTTAGTCTTCATCTTGCCGGAGCAAGATCTATTTTAGGAGCAGTAAATTTTATTACAACTATTAT 
12_FSA1_yt_2_11_9_12         GTATACCCCCCTTTAGCTGCCGGTATCGCTCATGCAGGAGCTTCTGTTGACCTGTCAATTTTTAGTCTTCATCTTGCCGGAGCAAGATCTATTTTAGGAGCAGTAAATTTTATTACAACTATTAT 
11_21_Ent_1_7_29_12          GTGTATCCCCCTCTAGCCTCAGGAATCGCCCACGCTGGGGCTTCCGTTGACCTATCAATTTTTAGTCTTCACCTTGCCGGTGCTTCATCAATTTTAGGTGCTGTAAATTTTATTACTACAATTAT 
11_52_Wbu_1_7_29_12          GTCTATCCTCCTCTAGCGGCTGGTATCGCCCACGCGGGTGCCTCTGTTGATCTTTCAATTTTCAGACTTCATCTAGCAGGTGCCTCATCAATTTTAGGTGCTGTTAACTTCATTACAACTATCAT 
11_135_Wsp_1_7_29_12         GTTTACCCCCCATTAGCATCAGGAATCGCACATGCCGGTGCTTCAGTAGACCTTTCAATCTTTAGACTTCACCTAGCTGGAGCATCATCAATTTTAGGTGCAGTAAACTTCATCACCACTATTAT 
11_50_ni_1_11_9_12           GTTTACCCCCCTTTAGCTGCGGGTATTGCTCACGCAGGGGCCTCAGTTGACCTCTCAATTTTTAGTCTACATTTAGCAGGTGCTTCTTCAATTCTAGGAGCTGTAAATTTTATTACAACTATTAT 
12_FSVTlam_ni_1_12_20_12_B   GTGTACCCCCCTTTAGCTGCAGGTATCGCTCACGCAGGTGCTTCAGTTGATATATCTATTTTTAGTTTACATTTAGCCGGAGCCTCCTCAATTTTAGGAGCCGTAAATTTTATTACAACTATTAT 
11_CDhend_bi_1_11_9_12       GTGTACCCCCCTCTCGCGTCGGGGATTGCCCACGCAGGCGCCTCTGTAGATCTTTCAATTTTCAGCCTTCATCTAGCAGGTGCATCTTCTATTTTAGGTGCTGTAAACTTTATTACCACTATTAT 
11_CDhend_bi_2_11_9_12       GTGTACCCCCCTCTCGCGTCGGGGATTGCCCACGCAGGCGCCTCTGTAGATCTTTCAATTTTCAGCCTTCATCTAGCAGGTGCATCTTCTATTTTAGGTGCTGTAAACTTTATTACCACTATTAT 
11_CDhend_ye_1_11_9_12       GTGTACCCCCCTCTCGCGTCGGGGATTGCCCACGCAGGCGCCTCTGTAGATCTTTCAATTTTCAGCCTTCATCTAGCAGGTGCATCTTCTATTTTAGGTGCTGTAAACTTTATTACCACTATTAT 
11_149_Hso_1_7_29_12         GTTTACCCACCTTTAGCTTCTGGGATTGCTCACGCAGGCGCGTCAGTTGATTTATCAATTTTTAGTCTTCATTTAGCCGGAGCTTCTTCAATTTTAGGGGCTGTTAATTTTATTACTACCATTAT 
12_19_Hsa_1_9_27_12          GTTTATCCACCTTTAGCAGCTGGAATCGCTCACGCAGGAGCTTCTGTAGATTTATCAATTTTCAGTTTACATTTGGCAGGTGCATCTTCGATTCTTGGAGCAGTAAATTTTATTACTACAATTAT 
11_159_Wni_1_9_27_12         GTTTATCCCCCTCTAGCAGCAGGAATTGCCCATGCGGGAGCTTCAGTAGATCTTTCAATTTTTAGTTTACACTTAGCCGGGGCCTCATCTATCTTAGGGGCTGTAAATTTTATTACCACAATTAT 
11_134_as_2_11_9_12          GTATACCCTCCGTTAGCAAGAGGCATTGCTCACGCAGGGGCTTCAGTTGACCTCTCAATTTTTAGTCTTCACTTAGCCGGGGCATCTTCCATTTTAGGAGCTGTTAATTTTATTACTACAATCAT 
11_134_as_3_12_20_12         GTATACCCTCCGTTAGCAAGAGGCATTGCTCACGCAGGGGCTTCAGTTGACCTCTCAATTTTTAGTCTTCACTTAGCCGGGGCATCTTCCATTTTAGGAGCTGTTAATTTTATTACTACAATCAT 
12_9_sp2_1_12_20_12A         GTCTACCCACCCCTAGCCTCTGGAATTGCACACGCAGGGGCTTCGGTAGACCTTTCAATTTTCAGTCTTCACTTAGCAGGAGCTAGCTCAATTTTAGGTGCAGTAAACTTTATTACTACGATTAT 




                                 380       390       400       410       420       430       440       450       460       470       480       490         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
12_9_sp2_1_12_20_12B         GTCTACCCACCCCTAGCCTCGGGAATTGCACACGCGGGAGCTTCAGTAGACCTTTCAATTTTCAGTCTTCATTTAGCAGGAGCCAGCTCAATTTTGGGGGCAGTAAATTTTATTACTACTATTAT 
12_9_sp2_2_12_20_12B         GTCTACCCACCCCTAGCCTCGGGAATTGCACACGCGGGAGCTTCAGTAGACCTTTCAATTTTCAGTCTTCATTTAGCAGGAGCCAGCTCAATTTTGGGGGCAGTAAATTTTATTACTACTATTAT 
Seira_dowlingi               GTTTACCCCCCTTTAGCCTCAGGAATTGCCCATGCCGGGGCTTCAATTGATCTTTCTATTTTTAGTTTACACCTCGCTGGTGCTTCTTCTATTTTAGGTGCTGTTAATTTTATTACCACTATTAT 
P_violenta                   GTTTACCCCCCCTTAGCTGCCGGTATTGCTCACGCAGGGGCATCGGTTGACTTATCCATTTTTAGACTTCATTTAGCTGGTGCTTCTTCTATTCTAGGGGCAGTAAACTTCATCACAACAATTAT 
                                                                                                                                                           
                                      510       520       530       540       550       560       570       580       590       600       610       620    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_17_at_2_4_3_12            TAATATACGAACACCCGGGATATCTTGAGATCAAACCCCTTTATTTGTGTGGTCAGTATTTTTAACTGCTATTCTTCTTCTTCTCTCTTTACCTGTTTTAGCGGGAGCTATTACCATACTTTTAA 
11_17_at_3_2_17_12           TAATATACGAACACCCGGGATATCTTGAGATCAAACCCCTTTATTTGTGTGGTCAGTATTTTTAACTGCTATTCTTCTTCTTCTCTCTTTACCTGTTTTAGCGGGAGCTATTACCATACTTTTAA 
11_17_at_4_4_3_12            TAATATACGAACACCCGGGATATCTTGAGATCAAACCCCTTTATTTGTGTGGTCAGTATTTTTAACTGCTATTCTTCTTCTTCTCTCTTTACCTGTTTTAGCGGGAGCTATTACCATACTTTTAA 
11_17_at_5_11_9_12           TAATATACGAACACCCGGGATATCTTGAGATCAAACCCCTTTATTTGTGTGGTCAGTATTTTTAACTGCTATTCTTCTTCTTCTCTCTTTACCTGTTTTAGCGGGAGCTATTACCATACTTTTAA 
11_17_at_6_4_3_12            TAATATACGAACACCCGGGATATCTTGAGATCAAACCCCTTTATTTGTGTGGTCAGTATTTTTAACTGCTATTCTTCTTCTTCTCTCTTTACCTGTTTTAGCGGGAGCTATTACCATACTTTTAA 
11_60_as_1_4_3_12            TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_60_as_2_4_3_12            TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_82_as_1_4_3_12            TAATATACGAGCCCCAGGAATAACTTGGGATCAAGCCCCTTTATTTGTTTGGTCTGTATTTTTAACTGCTATTCTTCTTCTCCTTTCTTTACCTGTCTTAGCGGGAGCTATCACAATATTATTAA 
11_82_as_2_4_3_12            TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_90_as_1_7_29_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_90_as_2_7_29_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_100_as_1_4_3_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_100_as_2_4_3_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_116_as_1_4_3_12           TAATATACGAGCCCCAGGAATAACTTGGGATCAAGCCCCTTTATTTGTTTGGTCTGTATTTTTAACTGCTATTCTTCTTCTCCTTTCTTTACCTGTCTTAGCGGGAGCTATCACAATATTATTAA 
11_116_as_2_11_9_12          TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_157_as_2_4_3_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_157_as_3_4_3_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_160_as_1_4_3_12           TAATATACGAGCCCCAGGAATAACTTGGGATCAAGCCCCTTTATTTGTTTGGTCTGTATTTTTAACTGCTATTCTTCTTCTCCTTTCTTTACCTGTCTTAGCGGGAGCTATCACAATATTATTAA 
11_160_as_2_4_3_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTGTTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
12_6_as_1_7_29_12            TAATATACGAGCCCCAGGAATAACTTGGGATCAAGCCCCTTTATTTGTTTGGTCTGTATTTTTAACTGCTATTCTTCTTCTCCTTTCTTTACCTGTCTTAGCGGGAGCTATCACAATATTATTAA 
12_6_as_2_7_29_12            TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
12_50_as_1_11_9_12           TAATATACGAGCTCCAGGAATAACTTGAGATCAGGCCCCTTTATTTGTTTGATCTGTATTTTTAACCGCTATTCTTCTTCTCCTTTCTTTACCTGTGCTAGCAGGAGCTATCACAATATTACTAA 
11_33_li_1_1_18_12           TAATATGCGAACCCCAGGAATATCTTGAGACCAAACTCCTTTATTTGTTTGATCCGTGTTTCTTACAGCTATTTTATTACTTCTTTCTTTGCCTGTTTTAGCAGGAGCTATCACTATATTGTTGA 
11_33_li_2_4_3_12            TAATATGCGAACCCCAGGAATATCTTGAGACCAAACTCCTTTATTTGTTTGATCCGTGTTTCTTACAGCTATTTTATTACTTCTTTCTTTGCCTGTTTTAGCAGGAGCTATCACTATATTGTTAA 
11_33_li_3_4_3_12            TAATATGCGAACCCCAGGAATATCTTGAGACCAAACTCCTTTATTTGTTTGATCCGTGTTTCTTACAGCTATTTTATTACTTCTTTCTTTGCCTGTTTTAGCAGGAGCTATCACTATATTGTTAA 
11_37_li_1_4_15_12           TAATATACGAACCCCAGGAATATCTTGAGATCAAACACCCCTATTTGTTTGATCCGTATTTCTTACGGCTATCTTATTACTACTATCTCTTCCAGTTTTAGCGGGAGCTATTACTATACTTTTAA 
11_37_li_2_4_3_12            TAATATACGAACCCCAGGAATATCTTGAGATCAAACACCCTTATTTGTTTGATCCGTATTTCTTACGGCTATCTTATTACTACTATCTCTTCCAGTTTTAGCGGGAGCTATTACTATACTTTTAA 
11_39_li_1_4_3_12            TAATATACGAACCCCAGGAATATCTTGAGACCAAACCCCTTTATTTGTTTGATCAGTATTTCTTACAGCTATTTTACTACTTCTATCCCTACCAGTTTTAGCTGGTGCTATTACTATACTTTTAA 
11_39_li_2_4_3_12            TAATATACGAACCCCAGGAATATCTTGAGACCAAACCCCTTTATTTGTTTGATCAGTATTTCTTACAGCTATTTTACTACTTCTATCCCTACCAGTTTTAGCTGGTGCTATTACTATACTTTTAA 
11_39_li_3_11_9_12           TAATATACGAACCCCAGGAATATCTTGAGACCAAACCCCTTTATTTGTTTGATCAGTATTTCTTACAGCTATTTTACTACTTCTATCCCTACCAGTTTTAGCTGGTGCTATTACTATACTTTTAA 
11_41_li_1_11_9_12           TAATATACGAACTACAGGAATATCTTGAGACCAAACCCCTTTATTTGTTTGATCAGTATTTCTTACAGCTATTTTACTACTTTTATCCCTACCAGTTTTAGCTGGTGCTATTACCATACTTTTAA 
11_41_li_2_4_3_12            TAATATACGAACTACAGGAATATCTTGAGACCAAACCCCTTTATTTGTTTGGTCAGTATTTCTTACAGCTATTTTACTACTTTTATCCCTACCAGTTTTAGCTGGTGCTATTACCATACTTTTAA 
11_41_li_3_9_11_12           TAATATACGAACTACAGGAATATCTTGAGACCAAACCCCTTTATTTGTTTGATCAGTATTTCTTACAGCTATTTTACTACTTTTATCCCTACCAGTTTTAGCTGGTGCTATTACCATACTTTTAA 
11_BGA1_li_1_4_3_12          TAATATACGAACTCCAGGAATATCCTGGGACCAAACCCCTTTATTTGTTTGGTCAGTATTTCTTACAGCTATTTTACTACTTTTATCCCTACCAGTTTTAGCTGGTGCTATTACCATACTTTTAA 
11_BGA1_li_2_4_3_12          TAATATACGAACTCCAGGAATATCCTGGGACCAAACCCCTTTATTTGTTTGGTCAGTATTTCTTACAGCTATTTTACTACTTTTATCCCTACCAGTTTTAGCTGGTGCTATTACCATACTTTTAA 
11_JCIL1_qu_1_4_27_12        CAATATACGAACTCCCGGGATATCTTGGGATCAAACCCCCCTTTTTGTTTGATCTGTGTTTTTAACCGCAATTCTACTTTTATTATCTTTACCTGTCCTTGCGGGAGCAATTACTATACTACTAA 
11_JCIL1_qu_2_7_29_12        CAATATACGAACTCCCGGGATATCTTGGGATCAAACCCCCCTTTTTGTTTGATCTGTGTTTTTAACCGCAATTCTACTTTTATTATCTTTACCTGTCCTTGCGGGAGCAATTACTATACTACTAA 
11_59a_qu_2_7_10_12          TAATATACGAACTCCCGGAATATCCTGGGATCAAACCCCCCTTTTTGTTTGATCTGTATTTTTAACCGCAATCCTACTTTTATTATCTTTACCTGTTCTTGCGGGAGCAATTACTATACTATTAA 
11_59a_qu_1_7_10_12          TAATATACGAACTCCCGGAATATCCTGGGATCAAACCCCCCTTTTTGTTTGATCTGTATTTTTAACCGCAATCCTACTTTTATTATCTTTACCTGTTCTTGCGGGAGCAATTACTATACTATTAA 
11_61_qu_1_7_10_12           TAATATACGAACTCCCGGAATATCCTGGGATCAAACCCCCCTTTTTGTTTGATCTGTATTTTTAACCGCAATCCTACTTTTATTATCTTTACCTGTTCTTGCGGGAGCAATTACTATACTATTAA 
11_61_qu_2_7_10_12           CAATATACGAACTCCCGGAATATCTTGGGATCAAACCCCCCTTTTTGTTTGATCTGTGTTTTTAACCGCAATTCTACTTTTATTATCTTTACCTGTTCTTGCGGGAGCAATTACTATACTATTAA 
11_105_qu_1_4_27_12          CAATATACGAACTCCCGGAATATCTTGGGATCAAACCCCCCTTTTTGTTTGATCTGTGTTTTTAACCGCAATTCTACTTTTATTATCTTTACCTGTTCTTGCGGGAGCAATTACTATACTATTAA 
11_105_qu_2_7_10_12          TAATATGCGTACCCCAGGAATATCCTGAGATCAAACTCCCTTGTTTGTATGATCTGTATTCTTAACGGCTATTTTATTACTTTTATCACTTCCAGTGTTAGCTGGAGCTATCACTATACTATTAA 
11_108_qu_1_7_10_12          TAATATACGTACCCCAGGAATATCATGAGATCAAACCCCCTTGTTCGTATGATCTGTATTTTTAACAGCTATTTTACTACTTTTATCCCTTCCAGTACTAGCAGGAGCTATCACCATGTTGTTAA 
11_108_qu_2_7_10_12          TAATATACGTACCCCAGGAATATCATGAGATCAAACCCCCTTGTTCGTATGATCTGTATTTTTAACAGCTATTTTACTACTTTTATCCCTTCCAGTATTAGCGGGAGCTATCACTATGTTATTAA 




                                      510       520       530       540       550       560       570       580       590       600       610       620    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
12_2_qu_2_7_10_12            TAATATACGTACCCCAGGAATATCATGAGATCAAGCCCCCTTGTTCGTGTGATCTGTATTTTTAACAGCTATTTTATTACTTTTATCACTCCCAGTATTAGCAGGAGCTATTACCATACTATTAA 
12_FSA2_qu_1_11_9_12         TAATATACGTACCCCAGGAATATCATGAGATCAAGCCCCCTTGTTCGTATGATCTGTATTTTTAACAGCTATTTTACTACTTTTATCCCTTCCAGTACTAGCAGGAGCTATCACCATGTTGTTAA 
12_FSA2_qu_2_11_9_12         TAATATACGTACCCCAGGAATATCATGAGATCAAGCCCCCTTGTTCGTATGATCTGTATTTTTAACAGCTATTTTACTACTTTTATCCCTTCCAGTACTAGCAGGAGCTATTACCATGTTGTTAA 
11_74_cl_1_4_27_12           TAATATACGAGCCCCTGGTTTAACATGAGATCAAACTCCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCGGGTGCTATTACAATACTTTTAA 
11_74_cl_2_4_27_12           TAATATACGAGCCCCTGGTTTAACATGAGATCAAACTCCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCGGGTGCTATTACAATACTTTTAA 
11_100_cl_1_12_20_12         TAATATACGAGCCCCCGGTTTAACATGAGACCAAACTCCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCGGGTGCTATTACAATACTTTTAA 
11_100_cl_2_7_10_12          TAACATACGAGCTCCTGGTTTAACATGAGACCAAACACCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTGTCTCTCCCTGTTTTAGCTGGTGCTATTACAATACTTTTAA 
11_166_cl_1_4_27_12          TAACATACGAGCTCCTGGTTTAACATGAGACCAAACACCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTGTCTCTCCCTGTTTTAGCTGGTGCTATTACAATACTTTTAA 
11_166_cl_2_7_10_12          TAATATACGAGCTCCTGGTTTAACATGAGACCAAACACCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCTGGTGCTATTACAATACTTTTAA 
11_81_cl_1_7_29_12           TAATATACGAGCCCCTGGTTTAACATGAGACCAAACTCCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCGGGTGCTATTACAATACTTTTAA 
11_81_cl_2_7_29_12           TAATATACGAGCCCCTGGTTTAACATGAGATCAAACTCCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCGGGTGCTATTACAATACTTTTAA 
11_59_cl_1_7_29_12           TAATATACGAGCCCCTGGTTTAACATGAGATCAAACTCCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCGGGTGCTATTACAATACTTTTAA 
11_116_cl_1_7_29_12          TAATATACGAGCTCCTGGTTTAACATGAGACCAAACACCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTATCTCTCCCTGTTTTAGCTGGTGCTATTACAATACTTTTAA 
11_142_cl_1_11_9_12          TAACATACGAGCCCCTGGTTTAACATGAGACCAAACACCACTATTTGTTTGATCTGTATTTTTAACTGCCATTTTACTTCTTTTGTCTCTCCCTGTTTTAGCTGGTGCTATTACAATACTTTTAA 
11_32_in_1_7_29_12           TAATATACGAACCCCTGGGATATCTTGGGATCAAACACCCTTGTTTGTTTGATCAGTTTTTTTAACAGCTATTCTTCTTCTTCTTTCTCTTCCTGTGTTAGCAGGAGCGATTACCATATTATTAA 
12_50_in_1_11_9_12           TAATATACGAACCCCTGGGATATCTTGGGATCAAACACCCTTGTTTGTTTGATCAGTTTTTTTAACAGCTATTCTTCTTCTTCTTTCTCTTCCTGTGTTAGCAGGAGCGATTACCATATTATTAA 
12_50_in_2_11_9_12           TAATATACGAACCCCTGGGATATCTTGGGATCAAACACCCTTGTTTGTTTGATCAGTTTTTTTAACAGCTATTCTTCTTCTTCTTTCTCTTCCTGTGTTAGCAGGAGCGATTACCATATTATTAA 
J_SM86_mu_1_11_9_12          TAATATACGAACCCCTGGAATATCTTGAGATCAAACCCCTCTTTTTGTTTGATCTGTTTTTTTAACCGCAATTCTTCTTCTTCTTTCCCTTCCTGTTTTAGCAGGAGCTATTACCATACTTTTAA 
J_SM86_mu_2_11_9_12          TAATATACGAACCCCTGGAATATCTTGAGATCAAACCCCTCTTTTTGTTTGATCTGTTTTTTTAACCGCAATTCTTCTTCTTCTTTCCCTTCCTGTTTTAGCAGGAGCTATTACCATACTTTTAA 
12_2_yt_1_7_29_12            CAATATACGAACACCTGGAATATCTTGAGACCAAACTCCTTTATTTGTATGATCAGTATTTCTTACAGCTATTTTATTACTACTTTCCCTTCCAGTTTTAGCAGGAGCTATTACTATACTTTTAA 
12_FSA1_yt_1_11_9_12         CAATATACGAACTCCAGGAATATCTTGAGATCAAACCCCTTTATTTGTATGATCAGTATTTCTTACAGCTATTTTACTACTACTTTCCCTTCCAGTTTTAGCCGGGGCTATTACTATACTTTTAA 
12_FSA1_yt_2_11_9_12         CAATATACGAACTCCAGGAATATCTTGAGATCAAACCCCTTTATTTGTATGATCAGTATTTCTTACAGCTATTTTACTACTACTTTCCCTTCCAGTTTTAGCCGGGGCTATTACTATACTTTTAA 
11_21_Ent_1_7_29_12          TAATATACGAGCCCCTGGAATATACTGAGACCAAACCCCTTTATTTGTGTGATCAGTTTTTCTTACAGCCATTCTTCTTCTTCTTTCTCTTCCTGTCTTAGCAGGTGCTATTACTATACTTTTAA 
11_52_Wbu_1_7_29_12          TAACATACGAGCCCCTGGTATATCATGAGACCAAGCCCCCTTATTTGTTTGGTCTGTCTTTCTAACAGCTATTCTTCTTCTTCTTTCTCTTCCAGTTTTAGCGGGAGCTATTACAATACTTCTTA 
11_135_Wsp_1_7_29_12         TAACATACGAGCCCCAGGAATATCGTGGGATCAAACACCTCTATTTGTGTGGTCAGTATTTCTCACAGCTATTCTCCTTTTATTATCACTTCCTGTGTTAGCTGGTGCTATCACAATATTATTAA 
11_50_ni_1_11_9_12           TAATATACGAACACCTGGCATATCCTGGGATCAAACACCTTTATTTGTTTGATCAGTTTTTTTAACAGCCATTTTACTTCTTCTTTCTTTACCTGTTTTAGCTGGTGCTATTACCATATTATTGA 
12_FSVTlam_ni_1_12_20_12_B   TAATATACGAACACCTGGTATATCTTGGGATCAAACACCTTTGTTTGTTTGGTCAGTTTTTTTAACCGCCATCCTTCTTCTTTTTTCTTTACCAGTTTTAGCTGGAGCCATTACTATACTATTGA 
11_CDhend_bi_1_11_9_12       TAATATACGAACCCCAGGTATATCTTGAGATCAAACCCCTTTATTTGTTTGATCTGTTTTCCTAACCGCAATTCTCCTTCTTCTATCTCTCCCTGTATTGGCAGGTGCAATCACTATACTTTTAA 
11_CDhend_bi_2_11_9_12       TAATATACGAACCCCAGGTATATCTTGAGATCAAACCCCTTTATTTGTTTGATCTGTTTTCCTAACCGCAATTCTCCTTCTTTTATCTCTCCCTGTATTGGCAGGTGCAATCACTATACTTTTAA 
11_CDhend_ye_1_11_9_12       TAATATACGAACCCCAGGTATATCTTGAGATCAAACCCCTTTATTTGTTTGATCTGTTTTCCTAACCGCAATTCTCCTTCTTCTATCTCTCCCTGTATTGGCAGGTGCAATCACTATACTTTTAA 
11_149_Hso_1_7_29_12         TAATATACGAACCCCAGGTATATCTTGAGACCAAACTCCTTTATTTGTTTGATCTGTTTTCTTAACAGCTATCCTTCTTTTACTATCCCTTCCAGTTTTAGCTGGAGCTATTACTATACTTTTGA 
12_19_Hsa_1_9_27_12          TAATATACGAACCCCGGGAATGTCTTGAGATCAAACCCCCCTTTTTGTTTGGTCTGTTTTTTTAACAGCAATTCTTCTTCTTCTTTCCCTACCAGTTCTTGCTGGTGCTATTACTATATTATTGA 
11_159_Wni_1_9_27_12         TAATATACGGGCTCCCGGTATATCTTGGGATCAAACACCTTTATTTGTTTGATCGGTGTTTCTAACAGCCATCCTTCTCCTTCTCTCTCTTCCCGTTCTAGCAGGAGCTATTACCATGCTTTTAA 
11_134_as_2_11_9_12          TAACATGCGAGCCCCGGGAATAACTTGAGACCAAGCCCCATTATTTGTGTGGTCAGTGTTTCTTACAGCAATTCTTCTTTTACTTTCTCTTCCAGTATTAGCGGGAGCTATCACCATGCTTCTAA 
11_134_as_3_12_20_12         TAACATGCGAGCCCCGGGAATAACTTGAGACCAAGCCCCATTATTTGTGTGGTCAGTGTTTCTTACAGCAATTCTTCTTTTACTTTCTCTTCCAGTATTAGCGGGAGCTATCACCATGCTTCTAA 
12_9_sp2_1_12_20_12A         CAATATACGAGCCCCTGGACTAACTTGAGACCAAACACCTCTATTTGTTTGATCTGTATTTTTAACAGCAATCTTACTTCTTCTTTCTTTACCCGTTCTAGCAGGTGCTATCACTATACTTTTAA 
12_9_sp2_2_12_20_12A         CAATATACGAGCCCCTGGACTAACTTGAGACCAAACACCTCTATTTGTTTGATCTGTATTTTTAACAGCAATCTTACTTCTTCTTTCTTTACCCGTTCTAGCAGGTGCTATCACTATACTTTTAA 
12_9_sp2_1_12_20_12B         TAACATACGAGCACCTGGGCTAACTTGAGATCAAACACCTCTATTTGTTTGATCTGTATTTTTAACAGCAATCTTACTTCTTCTTTCTTTACCTGTTCTAGCAGGTGCTATCACCATACTTTTAA 
12_9_sp2_2_12_20_12B         TAACATACGAGCACCTGGGCTAACTTGAGATCAAACACCTCTATTTGTTTGATCTGTATTTTTAACAGCAATCTTACTTCTTCTTTCTTTACCTGTTCTAGCAGGTGCTATCACCATACTTTTAA 
Seira_dowlingi               TAATATACGTTCCCCAGGAATAACTTGGGACCAAACTCCTTTATTTGTTTGGTCAGTATTCTTAACTGCTATTCTACTTTTATTATCCCTCCCTGTCCTAGCAGGGGCTATTACTATGCTCTTAA 
P_violenta                   CAACATACGAGCCCCAGGAATTACCTGGGACCAAACACCTCTATTTGTTTGATCTGTATTTTTAACAGCCATCTTATTACTTTTATCCCTACCTGTCCTTGCAGGTGCAATTACTATACTCCTTA 
                                                                                                                                                           
                                 630       640       650       660       670       680       690       700       710       720       730       740         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_17_at_2_4_3_12            CCGATCGTAACTTAAACACTTCTTTTTTTGACCCAGCAGGAGGGGGAGACCCAATTTTATACCAACACCTATTCTGATTTTTTGGTCACCCGGAAGTTTATATTTTAATTTTACCAGGTTTTGGT 
11_17_at_3_2_17_12           CCGATCGTAACTTAAACACTTCTTTTTTTGACCCAGCAGGAGGGGGAGACCCAATTTTATACCAACACCTATTCTGATTTTTTGGTCACCCGGAAGTTTATATTTTAATTTTACCAGGTTTTGGT 
11_17_at_4_4_3_12            CCGATCGTAATTTAAACACTTCTTTTTTTGATCCAGCAGGAGGGGGAGACCCAATTTTATACCAACACCTATTCTGATTTTTTGGTCACCCGGAAGTTTATATTTTAATTTTACCAGGTTTTGGT 
11_17_at_5_11_9_12           CCGATCGTAACTTAAACACTTCTTTTTTTGACCCAGCAGGAGGGGGAGACCCAATTTTATACCAACACCTATTCTGATTTTTTGGTCACCCGGAAGTTTATATTTTAATTTTACCAGGTTTTGGT 
11_17_at_6_4_3_12            CCGATCGTAATTTAAACACTTCTTTTTTTGATCCAGCAGGAGGGGGAGACCCAATTTTATACCAACACCTATTCTGATTTTTTGGTCACCCGGAAGTTTATATTTTAATTTTACCAGGTTTTGGT 
11_60_as_1_4_3_12            CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_60_as_2_4_3_12            CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATTTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_82_as_1_4_3_12            CTGACCGAAACCTCAATACAGCTTTCTTTGATCCAGCTGGAGGGGGAGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGT 




                                 630       640       650       660       670       680       690       700       710       720       730       740         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_90_as_1_7_29_12           CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_90_as_2_7_29_12           CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_100_as_1_4_3_12           CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGAGACCCTATTTTATACCAACATTTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_100_as_2_4_3_12           CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGAGACCCTATTTTATACCAACATTTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_116_as_1_4_3_12           CTGACCGAAACCTCAATACAGCTTTCTTTGATCCAGCTGGAGGGGGAGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGT 
11_116_as_2_11_9_12          CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_157_as_2_4_3_12           CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATTTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_157_as_3_4_3_12           CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_160_as_1_4_3_12           CTGACCGAAACCTCAATACAGCTTTCTTTGATCCAGCTGGAGGGGGAGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGT 
11_160_as_2_4_3_12           CTGACCGAAACCTCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
12_6_as_1_7_29_12            CTGACCGAAACCTCAATACAGCTTTCTTTGATCCAGCTGGAGGGGGAGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGT 
12_6_as_2_7_29_12            CTGACCGAAACATCAATACAGCTTTCTTTGACCCAGCTGGAGGAGGGGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
12_50_as_1_11_9_12           CTGACCGAAACCTCAATACAGCTTTCTTTGATCCAGCTGGAGGAGGAGACCCTATTTTATACCAACATCTATTCTGATTTTTCGGACACCCTGAAGTTTACATTTTAATTTTACCAGGGTTTGGA 
11_33_li_1_1_18_12           CAGATCGAAATTTAAATACATCCTTTTTTGACCCCGCTGGGGGTGGGGACCCTATTCTTTACCAACATTTATTTTGATTCTTTGGTCATCCAGAAGTTTATATTTTAATTCTTCCAGGGTTTGGA 
11_33_li_2_4_3_12            CAGATCGAAATTTAAATACATCCTTTTTTGACCCCGCTGGGGGTGGGGACCCTATTCTTTACCAACATTTATTTTGATTCTTTGGTCATCCAGAAGTTTATATTTTAATTCTTCCAGGGTTTGGA 
11_33_li_3_4_3_12            CAGATCGAAATTTAAATACATCCTTTTTTGACCCCGCTGGGGGTGGGGACCCTATTCTTTACCAACATTTATTTTGATTCTTTGGTCATCCAGAAGTTTATATTTTAATTCTTCCAGGGTTTGGA 
11_37_li_1_4_15_12           CAGATCGAAATTTAAACACTTCATTTTTTGACCCTGCTGGAGGAGGAGACCCCATTCTCTACCAACACTTATTTTGATTTTTTGGCCACCCAGAAGTTTATATTTTAATTCTTCCAGGGTTTGGA 
11_37_li_2_4_3_12            CAGATCGAAATTTAAACACTTCATTTTTTGACCCCGCTGGAGGAGGAGACCCCATTCTCTACCAACACTTATTTTGATTTTTTGGCCACCCAGAAGTTTATATTTTAATTCTTCCAGGGTTTGGA 
11_39_li_1_4_3_12            CAGACCGAAACTTAAATACTTCATTTTTTGACCCGGCTGGAGGAGGAGATCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_39_li_2_4_3_12            CAGACCGAAACTTAAATACTTCATTTTTTGACCCGGCTGGAGGAGGAGATCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_39_li_3_11_9_12           CAGACCGAAACTTAAATACTTCATTTTTTGACCCGGCTGGAGGAGGAGATCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_41_li_1_11_9_12           CAGACCGAAACTTAAATACTTCATTTTTTGACCCAGCTGGAGGGGGAGACCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_41_li_2_4_3_12            CAGACCGAAACTTAAATACTTCATTTTTTGACCCAGCTGGAGGGGGAGACCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_41_li_3_9_11_12           CAGACCGAAACTTAAATACTTCATTTTTTGACCCAGCTGGAGGGGGAGACCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_BGA1_li_1_4_3_12          CAGATCGAAACTTAAATACTTCATTTTTTGACCCGGCTGGAGGAGGAGACCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_BGA1_li_2_4_3_12          CAGATCGAAACTTAAATACTTCATTTTTTGACCCGGCTGGAGGAGGAGACCCTATTCTTTATCAACACCTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_JCIL1_qu_1_4_27_12        CTGACCGAAACTTAAATACATCATTCTTTGACCCAGCTGGAGGGGGCGACCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCATCCAGAAGTTTACATTTTAATTTTACCGGGATTTGGA 
11_JCIL1_qu_2_7_29_12        CTGACCGAAACTTAAATACATCATTCTTTGACCCAGCTGGAGGGGGCGACCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCATCCAGAAGTTTACATTTTAATTTTACCGGGATTTGGA 
11_59a_qu_2_7_10_12          CTGACCGAAACTTAAATACATCATTCTTTGACCCAGCAGGAGGGGGCGATCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCATCCAGAAGTTTACATTTTAATTTTACCTGGGTTTGGA 
11_59a_qu_1_7_10_12          CTGACCGAAACTTAAATACATCATTCTTTGACCCAGCAGGAGGGGGCGATCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCATCCAGAAGTTTACATTTTAATTTTACCTGGGTTTGGA 
11_61_qu_1_7_10_12           CTGACCGAAACTTAAATACATCATTCTTTGACCCAGCAGGAGGGGGCGATCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCATCCAGAAGTTTACATTTTAATTTTACCTGGGTTTGGA 
11_61_qu_2_7_10_12           CTGATCGAAACTTAAATACATCATTCTTTGACCCAGCAGGAGGGGGCGATCCAATTTTATACCAACATTTATTTTGATTTTTTGGTCACCCAGAAGTTTACATTTTAATTTTACCGGGATTTGGA 
11_105_qu_1_4_27_12          CTGACCGAAACTTAAATACATCATTCTTTGACCCAGCAGGAGGGGGCGATCCAATTTTATACCAACATTTATTTTGATTTTTTGGCCATCCAGAAGTTTACATTTTAATTTTACCGGGATTTGGA 
11_105_qu_2_7_10_12          CAGACCGTAATTTAAATACATCTTTTTTCGACCCCGCTGGAGGGGGTGACCCTATTTTGTACCAACATTTATTTTGATTTTTTGGGCACCCCGAAGTATATATTTTAATTCTTCCTGGGTTTGGT 
11_108_qu_1_7_10_12          CAGACCGTAATTTAAACACATCTTTTTTCGATCCCGCCGGAGGGGGAGACCCAATTCTATACCAACATTTATTCTGATTTTTTGGACACCCCGAAGTATATATTTTAATTCTTCCTGGTTTTGGC 
11_108_qu_2_7_10_12          CAGACCGTAATTTAAACACATCTTTTTTCGACCCCGCTGGAGGAGGCGACCCTATTCTATACCAACATTTATTTTGATTTTTTGGGCATCCCGAAGTATATATTTTAATTCTTCCTGGGTTTGGT 
12_2_qu_1_11_9_12            CAGACCGTAATTTAAATACATCTTTTTTTGACCCTGCTGGAGGTGGTGACCCTATTTTATACCAACATTTATTTTGATTTTTTGGGCACCCCGAAGTATATATTTTAATTCTTCCTGGGTTCGGT 
12_2_qu_2_7_10_12            CAGACCGTAATTTAAATACATCTTTTTTTGACCCTGCTGGAGGTGGTGACCCTATTTTATACCAACATTTATTTTGATTTTTTGGGCACCCCGAAGTATATATTTTAATTCTTCCTGGGTTCGGT 
12_FSA2_qu_1_11_9_12         CAGACCGTAATTTAAACACATCTTTTTTCGATCCTGCTGGAGGGGGAGACCCAATTCTATACCAACATTTATTCTGATTTTTTGGGCACCCCGAAGTATATATTTTAATTCTTCCTGGATTTGGT 
12_FSA2_qu_2_11_9_12         CAGACCGTAATTTAAACACATCTTTTTTCGATCCTGCTGGAGGGGGAGACCCAATTCTATACCAACATTTATTCTGATTTTTTGGGCACCCCGAAGTATATATTTTAATTCTTCCTGGTTTTGGT 
11_74_cl_1_4_27_12           CAGATCGAAACCTAAACACTTCCTTTTTTGATCCGGCTGGAGGTGGGGATCCTATTCTTTACCAACACTTATTTTGATTTTTCGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_74_cl_2_4_27_12           CAGATCGAAACCTAAACACTTCCTTTTTTGACCCGGCTGGAGGTGGGGATCCTATTCTTTACCAACACTTATTTTGATTTTTCGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_100_cl_1_12_20_12         CAGACCGAAACCTAAACACTTCCTTTTTTGACCCGGCTGGAGGTGGGGATCCTATTCTTTACCAACACTTATTTTGATTTTTTGGTCATCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_100_cl_2_7_10_12          CAGACCGAAATTTAAACACTTCATTTTTTGACCCGGCTGGAGGAGGAGACCCTATTCTTTACCAACACTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTCCCAGGATTCGGA 
11_166_cl_1_4_27_12          CAGACCGAAATTTAAACACTTCATTTTTTGACCCGGCTGGAGGAGGAGACCCTATTCTTTACCAACACTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTCCCAGGATTCGGA 
11_166_cl_2_7_10_12          CAGACCGAAATTTAAACACTTCATTTTTTGACCCGGCTGGAGGAGGAGACCCTATTCTTTACCAACACTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTCGGA 
11_81_cl_1_7_29_12           CAGATCGAAACCTAAACACTTCCTTTTTTGACCCGGCTGGAGGTGGGGATCCTATTCTTTACCAACACTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_81_cl_2_7_29_12           CAGATCGAAACCTAAACACTTCCTTTTTTGACCCGGCTGGAGGTGGGGATCCTATTCTTTACCAACACTTATTTTGATTTTTCGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_59_cl_1_7_29_12           CAGATCGAAACCTAAACACTTCCTTTTTTGACCCGGCTGGAGGTGGGGATCCTATTCTTTACCAACACTTATTTTGATTTTTCGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_116_cl_1_7_29_12          CAGACCGAAATTTAAACACTTCATTTTTTGACCCGGCTGGAGGAGGAGACCCTATTCTTTACCAACACTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTCGGA 
11_142_cl_1_11_9_12          CAGACCGAAATTTAAACACTTCATTTTTTGACCCGGCTGGAGGAGGAGACCCTATTCTTTACCAACACTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTCGGA 
11_32_in_1_7_29_12           CGGATCGAAATCTTAATACTTCATTTTTTGACCCAGCGGGGGGTGGGGACCCTATTTTATACCAACATTTATTTTGATTTTTTGGACATCCTGAGGTTTATATTTTAATTTTACCAGGCTTTGGA 




                                 630       640       650       660       670       680       690       700       710       720       730       740         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
12_50_in_2_11_9_12           CGGATCGAAATCTTAATACTTCATTTTTTGACCCAGCGGGGGGTGGGGACCCTATTTTATACCAACATTTATTTTGATTTTTTGGACATCCTGAGGTTTATATTTTAATTTTACCAGGCTTTGGA 
J_SM86_mu_1_11_9_12          CAGACCGAAATCTAAATACTTCATTTTTTGACCCTGCCGGAGGAGGGGATCCTATTTTATATCAACATTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
J_SM86_mu_2_11_9_12          CAGACCGAAATCTAAATACTTCATTTTTTGACCCTGCCGGAGGAGGGGATCCTATTTTATATCAACATTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
12_2_yt_1_7_29_12            CAGATCGAAATTTAAATACTTCATTTTTTGACCCTGCCGGAGGAGGAGACCCTATTCTTTACCAACATTTATTTTGATTTTTTGGACACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
12_FSA1_yt_1_11_9_12         CAGATCGAAACTTAAATACTTCATTTTTTGACCCTGCTGGAGGAGGGGACCCTATTCTTTACCAACATTTATTTTGATTTTTTGGGCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
12_FSA1_yt_2_11_9_12         CAGATCGAAACTTAAATACTTCATTTTTTGACCCTGCTGGAGGAGGGGACCCTATTCTTTACCAACATTTATTTTGATTTTTTGGGCACCCAGAAGTTTATATTTTAATTCTTCCAGGATTTGGA 
11_21_Ent_1_7_29_12          CAGACCGTAACCTAAATACTTCATTCTTTGACCCTGCGGGAGGAGGAGATCCTATTTTGTACCAACATTTATTCTGATTTTTTGGCCACCCAGAAGTATATATTCTCATTCTTCCTGGGTTTGGG 
11_52_Wbu_1_7_29_12          CAGACCGAAATTTAAATACATCTTTTTTTGATCCTGCAGGAGGAGGAGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGGTCATCCTGAAGTTTATATTCTTATTCTTCCTGGTTTTGGA 
11_135_Wsp_1_7_29_12         CTGATCGAAATCTTAACACATCATTTTTTGACCCAGCTGGGGGGGGAGACCCAATTTTATACCAACATTTATTCTGATTTTTTGGTCACCCAGAAGTGTATATCCTTATCCTTCCAGGATTTGGC 
11_50_ni_1_11_9_12           CAGATCGAAATCTTAATACGTCTTTTTTTGACCCTGCAGGAGGTGGGGACCCAATTTTATACCAACACTTATTTTGATTTTTTGGTCACCCCGAAGTTTATATTTTAATTTTACCTGGCTTTGGG 
12_FSVTlam_ni_1_12_20_12_B   CTGACCGAAATCTTAATACGTCTTTTTTTGACCCTGCCGGGGGTGGAGACCCTATCTTATACCAACACCTATTTTGATTTTTTGGTCATCCAGAAGTTTATATTTTGATTGTACCTGGCTTGGGA 
11_CDhend_bi_1_11_9_12       CTGACCGAAATTTAAATACATCTTTTTTCGATCCGGCTGGTGGAGGGGATCCAATTTTATACCAACATTTATTCTGATTTTTTGGACATCCAGAAGTTTACATTTTAATTCTACCCGGCTTCGGA 
11_CDhend_bi_2_11_9_12       CTGACCGAAATTTAAATACATCTTTTTTCGATCCGGCTGGTGGAGGGGATCCAATTTTATACCAACATTTATTCTGATTTTTTGGACATCCAGAAGTTTACATTTTAATTCTACCCGGCTTCGGA 
11_CDhend_ye_1_11_9_12       CTGACCGAAATTTAAATACATCTTTTTTCGATCCGGCTGGTGGAGGGGATCCAATTTTATACCAACATTTATTCTGATTTTTTGGACATCCAGAAGTTTACATTTTAATTCTACCCGGCTTCGGA 
11_149_Hso_1_7_29_12         CCGACCGTAATTTAAATACATCTTTTTTTGACCCAGCAGGAGGTGGAGATCCTATTTTATACCAACATTTATTTTGATTCTTCGGCCATCCTGAAGTTTATATTTTAATTCTTCCTGGATTCGGA 
12_19_Hsa_1_9_27_12          CAGATCGTAACTTAAATACTTCATTTTTCGATCCCGCTGGAGGAGGGGATCCAATTTTATATCAACATTTATTTTGATTTTTTGGGCACCCAGAAGTATATATTTTAATTCTCCCGGGATTTGGG 
11_159_Wni_1_9_27_12         CAGACCGAAATTTAAATACTTCTTTCTTTGATCCTGCAGGAGGGGGTGACCCCATTCTTTACCAACACTTATTTTGATTTTTTGGGCACCCAGAAGTTTACATTTTAATTCTACCTGGGTTTGGT 
11_134_as_2_11_9_12          CAGACCGTAATTTAAATACAGCTTTCTTTGACCCTGCAGGAGGAGGAGACCCCATTCTGTACCAACATTTATTCTGATTTTTTGGACACCCTGAAGTTTACATTTTGATTCTACCGGGGTTTGGT 
11_134_as_3_12_20_12         CAGACCGTAATTTAAATACAGCTTTCTTTGACCCTGCAGGAGGAGGAGACCCCATTCTGTACCAACATTTATTCTGATTTTTTGGACACCCTGAAGTTTACATTTTGATTCTACCGGGGTTTGGT 
12_9_sp2_1_12_20_12A         CAGACCGTAATTTAAATACTTCCTTTTTTGACCCTGCTGGGGGAGGAGATCCTATTCTGTACCAACATTTATTCTGATTCTTTGGTCACCCAGAAGTTTATATTTTAATTTTACCTGGGTTTGGG 
12_9_sp2_2_12_20_12A         CAGACCGTAATTTAAATACTTCCTTTTTTGACCCTGCTGGGGGAGGAGATCCTATTCTGTACCAACATTTATTCTGATTCTTTGGTCACCCAGAAGTTTATATTTTAATTTTACCTGGGTTTGGG 
12_9_sp2_1_12_20_12B         CAGACCGTAACTTAAATACTTCTTTTTTTGATCCTGCTGGGGGAGGAGACCCTATTCTTTACCAACATTTATTCTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTTTACCCGGGTTCGGG 
12_9_sp2_2_12_20_12B         CAGACCGTAACTTAAATACTTCTTTTTTTGATCCTGCTGGGGGAGGAGACCCTATTCTTTACCAACATTTATTCTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTTTACCCGGGTTCGGG 
Seira_dowlingi               CAGACCGTAACTTAAATACTTCATTTTTTGACCCGGCAGGTGGAGGAGACCCTATTTTATACCAACATTTATTTTGATTTTTTGGTCACCCTGAAGTTTATATTTTAATTTTACCTGGCTTAGGG 
P_violenta                   CTGACCGTAATCTCAATACATCCTTCTTTGACCCAGCGGGAGGGGGGGACCCAATTCTCTACCAACATTTATTTTGATTTTTTGGCCACCCCGAAGTTTATATTTTAATTTTCCCGGGATTTGGT 
                                                                                                                                                           
                                      760       770       780       790       800       810       820       830       840       850       860       870    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_17_at_2_4_3_12            ATGATTTCCCATATTATTACCTTTGAAAGAGGTAAAAAACAAACTTTTGGACAATTAGGAATAATTTACGCTATATCCGCCATCGGTCTTCTAGGTTTCATTGTATGAGCACACCACATATTTAC 
11_17_at_3_2_17_12           ATGATTTCCCATATTATTACCTTTGAAAGAGGTAAAAAACAAACTTTTGGACAATTAGGAATAATTTACGCTATATCCGCCATCGGTCTTCTAGGTTTCATTGTATGAGCACACCACATATTTAC 
11_17_at_4_4_3_12            ATGATTTCTCATATTATTACCTTTGAAAGAGGTAAAAAACAAACTTTCGGACAATTAGGAATAATTTACGCTATATCTGCCATCGGTCTTCTAGGTTTCATTGTATGAGCACACCACATATTTAC 
11_17_at_5_11_9_12           ATGATTTCCCATATTATTACCTTTGAAAGAGGTAAAAAACAAACTTTTGGACAATTAGGAATAATTTACGCTATATCCGCCATCGGTCTTCTAGGTTTCATTGTATGAGCACACCACATATTTAC 
11_17_at_6_4_3_12            ATGATTTCTCATATTATTACCTTTGAAAGAGGTAAAAAACAAACTTTCGGACAATTAGGAATAATTTACGCTATATCTGCCATCGGTCTTCTAGGTTTCATTGTATGAGCACACCACATATTTAC 
11_60_as_1_4_3_12            ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_60_as_2_4_3_12            ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_82_as_1_4_3_12            ATAATTTCACATATTATTACTTTTGAAAGAGGGAAGAAACAAACCTTTGGGCAATTAGGCATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_82_as_2_4_3_12            ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_90_as_1_7_29_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_90_as_2_7_29_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_100_as_1_4_3_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_100_as_2_4_3_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_116_as_1_4_3_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAGAAACAAACCTTTGGGCAATTAGGCATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_116_as_2_11_9_12          ATAATTTCACATATTGTTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_157_as_2_4_3_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_157_as_3_4_3_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_160_as_1_4_3_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAGAAACAAACCTTTGGGCAATTAGGCATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_160_as_2_4_3_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
12_6_as_1_7_29_12            ATAATTTCACATATTATTACTTTTGAAAGAGGGAAGAAACAAACCTTTGGGCAATTAGGCATAATTTATGCTATATCAGCCATTGGGCTTTTGGGATTTATCGTATGAGCTCATCATATGTTCAC 
12_6_as_2_7_29_12            ATAATTTCACATATTATTACTTTTGAAAGAGGGAAAAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
12_50_as_1_11_9_12           ATAATTTCACATATTATTACTTTTGAAAGAGGGAAGAAACAAACCTTTGGACAATTAGGTATAATTTATGCTATATCAGCCATTGGGCTTTTAGGATTTATCGTATGAGCTCATCATATGTTCAC 
11_33_li_1_1_18_12           ATAATCTCCCATATTATTACTTTTGAAAGAGGAAAAAAACAAACATTTGGCCAATTAGGAATAATTTATGCAATAGCTGCCATTGGTTTATTAGGGTTTATTGTATGAGCTCACCACATGTTTAC 
11_33_li_2_4_3_12            ATAATCTCCCATATTATTACTTTTGAAAGAGGTAAAAAACAAACATTTGGCCAATTAGGAATAATTTATGCAATAGCTGCCATTGGTTTATTAGGGTTTATTGTATGAGCCCACCACATGTTTAC 




                                      760       770       780       790       800       810       820       830       840       850       860       870    
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_37_li_1_4_15_12           ATAATTTCCCACATTATTACTTTTGAAAGAGGAAAAAAACAAACATTTGGACAATTAGGAATAATTTATGCTATAGCCGCCATTGGTTTATTAGGGTTTATTGTATGAGCACACCATATATTTAC 
11_37_li_2_4_3_12            ATAATTTCCCACATTATTACTTTTGAAAGAGGAAAAAAACAAACATTTGGGCAATTAGGAATAATTTATGCTATAGCCGCCATTGGTTTATTAGGGTTTATTGTGTGAGCACACCATATATTTAC 
11_39_li_1_4_3_12            ATAATCTCTCACATTATTACTTTTGAAAGAGGGAAAAAACAAACATTTGGACAATTAGGAATAATTTATGCAATAGCCGCTATTGGTTTACTAGGATTTATTGTATGAGCACACCATATATTTAC 
11_39_li_2_4_3_12            ATAATCTCTCACATTATTACTTTTGAAAGAGGGAAAAAACAAACATTTGGACAATTAGGAATAATTTATGCAATAGCCGCTATTGGTTTACTAGGATTTATTGTATGAGCACACCATATATTTAC 
11_39_li_3_11_9_12           ATAATCTCTCACATTATTACTTTTGAAAGAGGGAAAAAACAAACATTTGGACAATTAGGAATAATTTATGCAATAGCCGCTATTGGTTTACTAGGATTTATTGTATGAGCACACCATATATTTAC 
11_41_li_1_11_9_12           ATAATYTCCCACATTATTACTTTTGAAAGAGGRAAAAAACAAACATTTGGRCARYTAGGAATAATTTATGCTATAGCCGCTATTGGTTTATTAGGRTTTATTGTATGAGCACACCATATATTTAC 
11_41_li_2_4_3_12            ATAATTTCCCACATTATTACTTTTGAAAGAGGGAAAAAACAAACATTTGGGCAATTAGGAATAATTTATGCTATAGCCGCTATTGGTTTATTAGGATTTATTGTTTGAGCACATCATATATTTAC 
11_41_li_3_9_11_12           ATAATYTCCCACATTATTACTTTTGAAAGAGGRAAAAAACAAACATTTGGRCARYTAGGAATAATTTATGCTATAGCCGCTATTGGTTTATTAGGRTTTATTGTATGAGCACACCATATATTTAC 
11_BGA1_li_1_4_3_12          ATAATTTCCCACATTATTACTTTTGAAAGAGGAAAAAAACAAACATTCGGACAATTAGGAATAATTTATGCTATAGCCGCTATTGGCTTATTAGGGTTTATTGTATGAGCACATCATATATTTAC 
11_BGA1_li_2_4_3_12          ATAATTTCCCACATTATTACTTTTGAAAGAGGAAAAAAACAAACATTCGGACAATTAGGAATAATTTATGCTATAGCCGCTATTGGCTTATTAGGGTTTATTGTATGAGCACATCATATATTTAC 
11_JCIL1_qu_1_4_27_12        ATAATTTCCCATATTATTACCTTCGAAAGAGGGAAAAAACAAACCTTTGGGCAATTAGGAATAATTTATGCTATATCTGCAATCGGGCTCTTAGGCTTTATTGTATGGGCGCATCACATATTTAC 
11_JCIL1_qu_2_7_29_12        ATAATTTCCCATATTATTACCTTCGAAAGAGGGAAAAAACAAACCTTTGGGCAATTAGGAATAATTTATGCTATATCTGCAATCGGGCTCTTAGGCTTTATTGTATGGGCGCATCACATATTTAC 
11_59a_qu_2_7_10_12          ATAATTTCCCATATTATTACTTTCGAAAGTGGGAAAAAACAAACCTTTGGACAATTAGGAATAATTTATGCTATATCTGCAATCGGGCTCTTAGGCTTTATTGTATGAGCGCATCACATATTTAC 
11_59a_qu_1_7_10_12          ATAATTTCCCATATTATTACTTTCGAAAGTGGGAAAAAACAAACCTTTGGACAATTAGGAATAATTTATGCTATATCTGCAATCGGGCTCTTAGGCTTTATTGTATGAGCGCATCACATATTTAC 
11_61_qu_1_7_10_12           ATAATTTCCCATATTATTACTTTCGAAAGTGGGAAAAAACAAACCTTTGGACAATTAGGAATAATTTATGCTATATCTGCAATCGGGCTCTTAGGCTTTATTGTATGAGCGCATCACATATTTAC 
11_61_qu_2_7_10_12           ATAATTTCCCATATTATTACTTTCGAAAGAGGGAAAAAACAAACCTTTGGACAACTAGGAATAATTTATGCTATATCTGCAATCGGGCTATTAGGCTTTATTGTATGAGCGCATCACATATTTAC 
11_105_qu_1_4_27_12          ATAATTTCCCATATTATTACTTTCGAAAGAGGGAAAAAACAAACCTTCGGACAATTAGGAATAATTTATGCTATATCTGCAATCGGTCTATTAGGCTTTATTGTATGGGCGCATCACATATTTAC 
11_105_qu_2_7_10_12          ATAGTATCCCATATTATTACTTTCGAGAGAGGTAAAAAACAAACATTTGGTCAACTAGGGATAATTTATGCTATGTCTGCTATTGGTCTTCTAGGATTTATTGTGTGAGCTCATCATATATTTAC 
11_108_qu_1_7_10_12          ATAGTATCCCATATTATTACTTTCGAAAGAGGTAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCCGCTATTGGCCTTCTAGGATTTATTGTATGAGCACACCATATATTTAC 
11_108_qu_2_7_10_12          ATAGTATCTCACATCATTACTTTCGAAAGAGGTAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCCGCTATTGGCCTCCTAGGATTTATTGTATGAGCACATCATATATTTAC 
12_2_qu_1_11_9_12            ATAGTATCCCACATCATTACTTTTGAGAGAGGTAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCCGCTATTGGTCTTCTAGGATTTATTGTATGAGCTCATCATATATTTAC 
12_2_qu_2_7_10_12            ATAGTATCCCACATCATTACTTTTGAGAGAGGTAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCCGCTATTGGTCTTCTAGGATTTATTGTATGAGCTCATCATATATTTAC 
12_FSA2_qu_1_11_9_12         ATAGTATCCCACATCATTACTTTCGAAAGAGGTAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCCGCTATCGGCCTTCTAGGATTTATTGTATGAGCACACCATATATTTAC 
12_FSA2_qu_2_11_9_12         ATAGTATCCCATATTATTACTTTCGAAAGAGGTAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCCGCTATCGGCCTTCTAGGATTTATTGTATGAGCACACCATATATTTAC 
11_74_cl_1_4_27_12           ATAATTTCTCATATTATTACATTTGAAAGAGGAAAAAAACAAACTTTTGGGCAGTTAGGAATAATTTATGCTATATCCGCTATCGGTTTGTTAGGATTTATTGTTTGAGCACATCATATATTTAC 
11_74_cl_2_4_27_12           ATAATTTCTCATATTATTACATTTGAAAGAGGAAAAAAACAAACTTTTGGGCAGTTAGGAATAATTTATGCTATATCCGCTATCGGTTTATTAGGATTTATTGTTTGAGCACATCACATATTTAC 
11_100_cl_1_12_20_12         ATAATTTCTCACATTATTACATTTGAAAGAGGAAAAAAACAAACCTTTGGGCAGCTAGGAATAATTTATGCTATATCCGCTATCGGTTTATTAGGATTTATTGTTTGAGCACATCACATATTTAC 
11_100_cl_2_7_10_12          ATAATTTCTCACATTATTACATTTGAGAGAGGTAAAAAACAAACTTTTGGGCAGTTAGGAATAATTTATGCTATATCCGCTATTGGTCTACTAGGATTTATTGTTTGAGCACATCACATATTCAC 
11_166_cl_1_4_27_12          ATAATTTCTCACATTATTACATTTGAGAGAGGTAAAAAACAAACTTTTGGGCAGTTAGGAATAATTTATGCTATATCCGCTATTGGTCTACTAGGATTTATTGTTTGAGCACATCACATATTCAC 
11_166_cl_2_7_10_12          ATAATTTCTCACATTATTACATTTGAGAGAGGTAAAAAACAAACTTTTGGACAGTTAGGAATAATTTATGCTATATCCGCTATTGGTCTACTAGGATTTATTGTTTGAGCACATCACATATTCAC 
11_81_cl_1_7_29_12           ATAATTTCTCATATTATTACATTTGAAAGAGGAAAAAAACAAACTTTTGGGCAGTTAGGAATAATTTATGCTATATCCGCTATCGGTTTATTAGGATTTATTGTTTGAGCACATCACATATTTAC 
11_81_cl_2_7_29_12           ATAATTTCTCATATTATTACATTTGAAAGAGGAAAAAAACAAACTTTTGGGCAGTTAGGAATAATTTATGCTATATCCGCTATCGGTTTATTAGGATTTATTGTTTGAGCACATCACATATTTAC 
11_59_cl_1_7_29_12           ATAATTTCCCATATTATTACATTTGAAAGAGGAAAAAAACAAACTTTTGGGCAGTTAGGAATAATTTATGCTATATCCGCTATCGGTTTATTAGGATTTATTGTTTGAGCACATCACATATTTAC 
11_116_cl_1_7_29_12          ATAATTTCTCACATTATTACATTTGAGAGAGGTAAAAAACAAACTTTTGGACAGTTAGGAATAATTTATGCTATATCCGCTATTGGTCTACTAGGATTTATTGTTTGAGCACATCACATATTCAC 
11_142_cl_1_11_9_12          ATAATTTCTCACATTATTACATTTGAGAGAGGTAAAAAACAAACTTTTGGACAGTTAGGAATAATTTATGCTATATCCGCTATTGGTCTACTAGGATTTATTGTTTGAGCACATCACATATTCAC 
11_32_in_1_7_29_12           ATAATTTCTCACATCATTACTTTTGAAAGTGGTAAAAAACAAACTTTCGGGCAGTTAGGAATAATTTATGCTATATCAGCTATTGGTCTCTTAGGATTTATTGTTTGAGCACATCACATGTTCAC 
12_50_in_1_11_9_12           ATAATTTCTCACATCATTACTTTTGAAAGTGGTAAAAAACAAACTTTCGGGCAGTTAGGAATAATTTATGCTATATCAGCTATTGGTCTCTTAGGATTTATTGTTTGAGCACATCACATGTTCAC 
12_50_in_2_11_9_12           ATAATTTCTCACATCATTACTTTTGAAAGTGGTAAAAAACAAACTTTCGGGCAGTTAGGAATAATTTATGCTATATCAGCTATTGGTCTCTTAGGATTTATTGTTTGAGCACATCACATGTTCAC 
J_SM86_mu_1_11_9_12          ATAATTTCTCACATTATTACATTTGAAAGAGGAAAAAAACAAACATTTGGTCAACTAGGTATAATCTACGCTATATCTGCTATTGGGTTATTAGGTTTTATTGTATGAGCCCATCATATATTTAC 
J_SM86_mu_2_11_9_12          ATAATTTCTCACATTATTACATTTGAAAGAGGAAAAAAACAAACATTTGGTCAACTAGGTATAATCTACGCTATATCTGCTATTGGGTTATTAGGTTTTATTGTATGAGCCCATCATATATTTAC 
12_2_yt_1_7_29_12            ATAATTTCTCATATTATTACTTTTGAAAGAGGAAAAAAACAAACATTTGGACAACTAGGGATAATTTATGCTATAGCCGCTATTGGTTTATTAGGTTTTATTGTGTGGGCACACCATATATTTAC 
12_FSA1_yt_1_11_9_12         ATAATTTCCCATATTATTACTTTTGAAAGAGGAAAAAAACAAACATTCGGACAACTAGGAATAATTTATGCTATGGCCGCTATTGGTTTATTAGGGTTTATTGTATGAGCACATCATATATTTAC 
12_FSA1_yt_2_11_9_12         ATAATTTCCCATATTATTACTTTTGAAAGAGGAAAAAAACAAACATTCGGACAACTAGGAATAATTTATGCTATGGCCGCTATTGGTTTATTAGGATTTATTGTATGAGCACATCATATATTTAC 
11_21_Ent_1_7_29_12          ATGATTTCCCACATTATTACATTCGAAAGAGGAAAAAAACAAACCTTTGGTCAACTAGGTATAATTTATGCAATATCAGCGATTGGACTTTTAGGCTTTATTGTTTGAGCTCACCACATATTTAC 
11_52_Wbu_1_7_29_12          ATAATTTCTCATATTATTACATTCGAAAGAGGGAAAAAACAAACTTTTGGCCAACTCGGAATAATTTATGCCATATCAGCTATTGGACTATTAGGTTTTATTGTTTGAGCCCATCATATATTTAC 
11_135_Wsp_1_7_29_12         ATAATTTCCCATATTATTACATTTGAAAGAGGTAAAAAACAAACATTCGGCCAATTAGGAATAATTTATGCAATAGCAGCAATCGGCCTTCTCGGATTTATTGTGTGAGCACACCATATATTTAC 
11_50_ni_1_11_9_12           ATAATTTCTCACATTATTACTTTTGAAAGAGGAAAAAAACAAACTTTTGGACAACTAGGAATAATTTATGCTATATCAGCGATTGGACTTTTAGGTTTTATTGTTTGAGCACATCACATATTCAC 
12_FSVTlam_ni_1_12_20_12_B   ATAATTTCTCACATCATTACATTTGAAAGAGGAAAAAAACAAACTTTTGGGCAATTAGGAATGATTTATGCCATATCAGCGATTGGATTATTAGGATTTATTGTTTGAGCTCATCATATATTTAC 
11_CDhend_bi_1_11_9_12       ATAATTTCCCATATCATTACCTTTGAAAGAGGAAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCAGCAATCGGCCTCTTAGGCTTCATTGTATGAGCTCACCATATATTTAC 
11_CDhend_bi_2_11_9_12       ATAATTTCCCATATCATTACCTTTGAAAGAGGAAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCAGCAATCGGCCTCTTAGGCTTCATTGTATGAGCTCACCATATATTTAC 
11_CDhend_ye_1_11_9_12       ATAATTTCCCATATCATTACCTTTGAAAGAGGAAAAAAACAAACATTTGGTCAACTAGGAATAATTTATGCTATATCAGCAATCGGCCTCTTAGGCTTCATTGTATGAGCTCACCATATATTTAC 
11_149_Hso_1_7_29_12         ATAATTTCCCATATTATTACATTTGAAAGAGGAAAAAAACAAACCTTTGGTCAGTTAGGTATAATCTACGCTATATCAGCAATTGGTCTTTTAGGATTTATTGTTTGAGCCCACCATATATTTAC 




                                      760       770       780       790       800       810       820       830       840       850       860       870    
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11_159_Wni_1_9_27_12         ATAATTTCCCACATTATTACATTCGAAAGAGGTAAAAAACAAACATTTGGGCAGCTAGGAATAATTTATGCTATATCAGCTATTGGACTTTTAGGTTTTATTGTGTGGGCTCATCACATATTTAC 
11_134_as_2_11_9_12          ATAATTTCTCACATTATTACTTTCGAAAGAGGTAAAAAACAAACATTTGGGCAGCTAGGTATAATTTATGCCATATCAGCAATTGGTCTTTTAGGTTTTATCGTATGAGCTCATCACATATTTAC 
11_134_as_3_12_20_12         ATAATTTCTCACATTATTACTTTCGAAAGAGGTAAAAAACAAACATTTGGGCAGCTAGGTATAATTTATGCCATATCAGCAATTGGTCTTTTAGGTTTTATCGTATGAGCTCATCACATATTTAC 
12_9_sp2_1_12_20_12A         ATAATTTCACATATTATTACATTTGAAAGAGGTAAAAAACAAACCTTTGGGCAACTAGGAATAATTTATGCTATATCTGCTATTGGACTTCTAGGGTTTATTGTGTGAGCACATCATATATTCAC 
12_9_sp2_2_12_20_12A         ATAATTTCACATATTATTACATTTGAAAGAGGTAAAAAACAAACCTTTGGGCAACTAGGAATAATTTATGCTATATCTGCTATTGGACTTCTAGGGTTTATTGTGTGAGCACATCATATATTCAC 
12_9_sp2_1_12_20_12B         ATAATATCTCATATTATTACATTTGAAAGAGGTAAAAAACAAACCTTTGGTCAACTAGGAATAATTTATGCTATATCTGCTATCGGACTTCTAGGATTTATCGTATGAGCACACCATATATTCAC 
12_9_sp2_2_12_20_12B         ATAATATCTCATATTATTACATTTGAAAGAGGTAAAAAACAAACCTTTGGTCAACTAGGAATAATTTATGCTATATCTGCTATCGGACTTCTAGGATTTATCGTATGAGCACACCATATATTCAC 
Seira_dowlingi               ATAATTTCTCATATCATTACTTTCGAAAGAGGCAAGAATCAAACCTTTGGTCAGCTTGGTATAATCTACGCAATGTCAGCTATTGGCCTTCTAGGATTTATTGTTTGAGCCCATCATATATTTAC 
P_violenta                   ATAATCTCTCATATTATTACCTTCGAGTCAGGTAAAAAACAAACATTCGGTCAATTAGGAATAATTTACGCTATATCAGCGATTGGACTTCTAGGCTTTATCGTCTGGGCTCACCATATATTTAC 
                                                                                                                                                           
                                 880       890       900       910       920       930       940       950       960       970       980       990         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_17_at_2_4_3_12            AGTGGGAATAGATGTAGACACTCGAGCCTATTTTACCACAGCAACTATAATTATTGCCGTTCCCACAGGAGTTAAGATTTTCAGTTGAATCGCAACTCTTCAAGGTAGTTATTTAACTATAACCC 
11_17_at_3_2_17_12           AGTGGGAATAGATGTAGACACTCGAGCCTATTTTACCACAGCAACTATAATTATTGCCGTTCCCACAGGAGTTAAAATTTTCAGTTGAATCGCAACTCTTCAAGGTAGTTATTTAACTATAACCC 
11_17_at_4_4_3_12            AGTGGGAATAGATGTAGACACTCGAGCCTATTTTACCACAGCAACTATAATTATTGCCGTTCCCACAGGAGTTAAGATTTTCAGTTGAATCGCAACTCTTCAAGGTAGTTACTTAATTATAACCC 
11_17_at_5_11_9_12           AGTGGGAATAGATGTAGACACTCGAGCCTATTTTACCACAGCAACTATAATTATTGCCGTTCCCACAGGAGTTAAGATTTTCAGTTGAATCGCAACTCTTCAAGGTAGTTATTTAACTATAACCC 
11_17_at_6_4_3_12            AGTGGGAATAGATGTAGACACTCGAGCCTATTTTACCACAGCAACTATAATTATTGCCGTTCCCACAGGAGTTAAGATTTTCAGTTGAATCGCAACTCTTCAAGGTAGTTACTTAATTATAACCC 
11_60_as_1_4_3_12            AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_60_as_2_4_3_12            AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_82_as_1_4_3_12            AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTACCAACAGGAGTTAAAATTTTTAGTTGAATCGCTACCCTTCAAGGAAGTTTTCTAGTTATAACAC 
11_82_as_2_4_3_12            AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_90_as_1_7_29_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_90_as_2_7_29_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_100_as_1_4_3_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTTCTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_100_as_2_4_3_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_116_as_1_4_3_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTACCAACAGGAGTTAAAATTTTTAGTTGAATCGCTACCCTTCAAGGAAGTTTTCTAGTTATAACAC 
11_116_as_2_11_9_12          AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_157_as_2_4_3_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_157_as_3_4_3_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
11_160_as_1_4_3_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTACCAACAGGAGTTAAAATTTTTAGTTGAATCGCTACCCTTCAAGGAAGTTTTCTAGTTATAACAC 
11_160_as_2_4_3_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACCACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
12_6_as_1_7_29_12            AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTACCAACAGGAGTTAAAATTTTTAGTTGAATCGCTACCCTTCAAGGAAGTTTTCTAGTTATAACAC 
12_6_as_2_7_29_12            AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGATGAATCGCTACCCTTCAAGGAAGTTTCCTAGTTATAACAC 
12_50_as_1_11_9_12           AGTAGGAATAGATGTAGATACTCGAGCCTATTTTACTACAGCAACTATAATTATTGCCGTCCCAACAGGAGTTAAAATTTTTAGCTGAATCGCTACCCTTCAAGGAAGTTTTCTAGTTATAACAC 
11_33_li_1_1_18_12           TGTGGGAATAGATGTAGATACACGAGCTTATTTTACTACTGCTACAATAATTATTGCAGTTCCTACAGGAGTAAAAATTTTTAGTTGAATCGCAACCATGCAAGGTAGATTTTTATACATAACCC 
11_33_li_2_4_3_12            TGTGGGAATAGATGTAGATACACGAGCTTATTTTACTACTGCTACAATAATTATTGCAGTTCCTACAGGAGTAAAAATTTTTAGTTGAATCGCAACCATGCAAGGTAGATTTTTATACATAACCC 
11_33_li_3_4_3_12            TGTGGGAATAGATGTAGATACACGAGCTTATTTTACTACTGCTACAATAATTATTGCAGTTCCTACAGGAGTAAAAATTTTTAGCTGAATCGCAACCATGCAAGGTAGATTTTTATACATAACCC 
11_37_li_1_4_15_12           TGTAGGAATAGATGTAGATACACGAGCCTATTTTACTACAGCTACAATAATTATTGCAGTTCCCACAGGAGTAAAAATTTTTAGTTGAATTGCAACTCTTCAAGGTAGATTTTTATATATAACAC 
11_37_li_2_4_3_12            TGTAGGAATAGATGTAGATACACGAGCCTATTTTACTACAGCTACAATAATTATTGCAGTTCCCACAGGAGTAAAAATTTTTAGTTGAATTGCAACTCTTCAAGGTAGATTTTTATACATAACAC 
11_39_li_1_4_3_12            TGTTGGAATAGATGTAGACACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCCACCGGAGTAAAAATTTTTAGTTGAATTGCTACTCTTCAAGGTAGATTTTTATACATAACAC 
11_39_li_2_4_3_12            TGTTGGAATAGATGTAGACACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCCACCGGAGTAAAAATTTTTAGTTGAATTGCTACTCTTCAAGGTAGATTTTTATACATAACAC 
11_39_li_3_11_9_12           TGTTGGAATAGATGTAGACACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCCACCGGAGTAAAAATTTTTAGTTGAATTGCTACTCTTCAAGGTAGATTTTTATACATAACAC 
11_41_li_1_11_9_12           TGTTGGAATAGATGTAGATACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCCACTGGAGTAAAAATTTTTAGCTGAATTGCTACTCTTCAAGGTAGATTTTTATACATAACAC 
11_41_li_2_4_3_12            TGTTGGAATAGATGTAGATACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCAACTGGAGTAAAAATTTTTAGCTGAATTGCTACTCTTCAAGGTAGATTTTTATATATAACAC 
11_41_li_3_9_11_12           TGTTGGAATAGATGTAGATACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCCACTGGAGTAAAAATTTTTAGCTGAATTGCTACTCTTCAAGGTAGATTTTTATACATAACAC 
11_BGA1_li_1_4_3_12          TGTTGGAATAGATGTAGATACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCAACTGGAGTAAAAATTTTTAGTTGAATTGCTACTCTTCAAGGTAGATTTTTATATATAACAC 
11_BGA1_li_2_4_3_12          TGTTGGAATAGATGTAGATACACGAGCCTACTTTACTACAGCTACAATAATTATTGCAGTTCCAACTGGAGTAAAAATTTTTAGTTGAATTGCTACTCTTCAAGGTAGATTTTTATATATAACAC 
11_JCIL1_qu_1_4_27_12        TGTTGGAATAGATGTAGATACCCGAGCCTACTTTACAACTGCAACAATAATTATTGCTGTTCCCACTGGAGTAAAAATTTTTAGTTGAATTGCTACCCTTCAAGGAAGCCTTTTAACCTTAACCC 
11_JCIL1_qu_2_7_29_12        TGTTGGAATAGATGTAGATACCCGAGCCTACTTTACAACTGCAACAATAATTATTGCTGTTCCCACTGGAGTAAAAATTTTTAGTTGAATTGCTACCCTTCAAGGAAGCCTTTTAACCTTAACCC 
11_59a_qu_2_7_10_12          TGTTGGTATAGACGTAGATACCCGAGCCTACTTTACAACTGCAACAATAATTATTGCTGTTCCCACTGGAGTAAAAATTTTTAGTTGAATTGCTACCCTTCAAGGAAGCCTTTTAACTTTAACCC 
11_59a_qu_1_7_10_12          TGTTGGTATAGACGTAGATACCCGAGCCTACTTTACAACTGCAACAATAATTATTGCTGTTCCCACTGGAGTAAAAATTTTTAGTTGAATTGCTACCCTTCAAGGAAGCCTTTTAACTTTAACCC 
11_61_qu_1_7_10_12           TGTTGGTATAGACGTAGATACCCGAGCCTACTTTACAACTGCAACAATAATTATTGCTGTTCCCACTGGAGTAAAAATTTTTAGTTGAATTGCTACCCTTCAAGGAAGCCTTTTAACTTTAACCC 




                                 880       890       900       910       920       930       940       950       960       970       980       990         
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_105_qu_1_4_27_12          TGTTGGTATAGACGTAGATACCCGAGCCTACTTTACAACTGCAACAATAATTATTGCTGTTCCCACTGGAGTAAAAATTTTTAGTTGAATTGCTACCCTTCAAGGAAGCCTTTTAACTTTAACTC 
11_105_qu_2_7_10_12          AGTGGGAATAGATGTAGACACCCGAGCTTATTTTACAACAGCTACCATAATTATTGCAGTTCCTACAGGGGTAAAAATTTTTAGATGAATTGCAACTCTTCAAGGAAGATTACTTATAATAACCC 
11_108_qu_1_7_10_12          AGTAGGAATAGATGTAGACACTCGAGCTTACTTTACAACAGCTACTATAATCATTGCAGTTCCAACAGGAGTAAAAATTTTTAGATGAATTGCAACTCTTCAAGGGAGATTACTTATAATAACCC 
11_108_qu_2_7_10_12          AGTAGGAATAGATGTAGACACCCGAGCCTACTTTACAACAGCTACTATGATCATTGCAGTTCCAACAGGAGTAAAAATTTTTAGATGAATTGCAACCCTTCAAGGGAGATTACTTATAATAACCC 
12_2_qu_1_11_9_12            AGTAGGAATAGATGTAGACACCCGAGCTTACTTTACAACAGCTACTATAATTATTGCAGTTCCTACAGGAGTAAAAATTTTTAGATGAATCGCAACTCTTCAAGGTAGATTACTTATAATAACCC 
12_2_qu_2_7_10_12            AGTAGGAATAGATGTAGACACCCGAGCTTACTTTACAACAGCTACTATAATTATTGCAGTTCCTACAGGAGTAAAAATTTTTAGATGAATCGCAACTCTTCAAGGTAGATTACTTATAATAACCC 
12_FSA2_qu_1_11_9_12         AGTAGGAATAGATGTAGACACTCGAGCTTACTTTACAACAGCTACTATAATCATTGCAGTTCCAACAGGAGTAAAAATTTTTAGATGAATTGCAACTCTTCAAGGGAGATTACTTATAATAACCC 
12_FSA2_qu_2_11_9_12         AGTAGGAATAGATGTAGACACTCGAGCTTACTTTACAACAGCTACTATAATCATTGCAGTTCCAACAGGAGTAAAAATTTTTAGATGAATTGCAACTCTTCAAGGGAGATTACTTATAATAACCC 
11_74_cl_1_4_27_12           AGTAGGAATAGACGTAGACACTCGAGCTTATTTTACTACTGCAACAATAATTATTGCAGTGCCAACTGGAGTAAAAATTTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATGTCAC 
11_74_cl_2_4_27_12           AGTAGGAATAGACGTAGACACTCGAGCTTATTTTACTACTGCAACAATAATTATTGCAGTGCCAACTGGAGTAAAAATTTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATGTCAC 
11_100_cl_1_12_20_12         AGTAGGAATAGACGTAGACACTCGAGCTTATTTTACTACTGCAACAATAATTATTGCAGTGCCAACTGGAGTAAAAATCTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATATCAC 
11_100_cl_2_7_10_12          GGTAGGAATAGACGTAGACACTCGAGCTTACTTTACTACTGCAACAATAATTATTGCAGTCCCAACAGGAGTAAAAATCTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATATCCC 
11_166_cl_1_4_27_12          GGTAGGAATAGACGTAGACACTCGAGCTTACTTTACTACTGCAACAATAATTATTGCAGTCCCAACAGGAGTAAAAATCTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATATCCC 
11_166_cl_2_7_10_12          AGTAGGAATAGACGTAGACACTCGAGCTTACTTTACTACTGCAACAATAATTATTGCAGTACCAACAGGAGTAAAAATCTTTAGATGAATTGCCACACTTCAAGGAAGTATTTTAACTATATCAC 
11_81_cl_1_7_29_12           AGTAGGAATAGACGTAGACACTCGAGCTTATTTTACTACTGCAACAATAATTATTGCAGTGCCAACTGGAGTAAAAATTTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATGTCAC 
11_81_cl_2_7_29_12           AGTAGGAATAGACGTAGACACTCGAGCTTATTTTACTACTGCAACAATAATTATTGCAGTGCCAACTGGAGTAAAAATTTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATGTCAC 
11_59_cl_1_7_29_12           AGTAGGAATAGACGTAGACACTCGAGCTTATTTTACTACTGCAACAATAATTATTGCAGTGCCAACTGGAGTAAAAATTTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATGGCAC 
11_116_cl_1_7_29_12          AGTAGGAATAGACGTAGACACTCGAGCTTACTTTACTACTGCAACAATAATTATTGCAGTTCCAACAGGAGTAAAAATCTTTAGATGAATTGCCACACTTCAAGGAAGTATTTTAACTATATCAC 
11_142_cl_1_11_9_12          AGTAGGAATAGACGTAGACACTCGAGCTTACTTTACTACTGCAACAATAATTATTGCAGTTCCAACAGGAGTAAAAATCTTTAGATGAATTGCTACACTTCAAGGAAGTATTTTAACTATATCAC 
11_32_in_1_7_29_12           AGTAGGAATGGATGTGGATACACGAGCTTATTTTACCACAGCTACTATGATTATTGCTGTCCCCACAGGAGTAAAAATTTTTAGTTGAATTGCAACTCTTCAAGGTAGTTATTTAAACATAACAC 
12_50_in_1_11_9_12           AGTAGGAATGGATGTGGATACACGAGCTTATTTTACCACAGCTACTATGATTATTGCTGTCCCCACAGGAGTAAAAATTTTTAGTTGAATTGCAACTCTTCAAGGTAGTTATTTAAACATAACAC 
12_50_in_2_11_9_12           AGTAGGAATGGATGTGGATACACGAGCTTATTTTACCACAGCTACTATGATTATTGCTGTCCCCACAGGAGTAAAAATTTTTAGTTGAATTGCAACTCTTCAAGGTAGTTATTTAAACATAACAC 
J_SM86_mu_1_11_9_12          AGTGGGAATAGATGTAGATACTCGGGCATACTTCACCACAGCTACAATAATTATTGCTGTCCCAACAGGAGTTAAAATTTTTAGTTGAATCGCCACACTTCAAGGAAGTTATTTAAGTATAACCC 
J_SM86_mu_2_11_9_12          AGTGGGAATAGATGTAGATACTCGGGCATACTTCACCACAGCTACAATAATTATTGCTGTCCCAACAGGAGTTAAAATTTTTAGTTGAATCGCCACACTTCAAGGAAGTTATTTAAGTATAACCC 
12_2_yt_1_7_29_12            TGTTGGAATAGATGTAGACACACGAGCTTATTTTACTACAGCTACAATAATTATTGCAGTTCCTACCGGAGTAAAAATTTTTAGTTGAATTGCAACCCTTCAAGGTAGATTTTTATATATAACAC 
12_FSA1_yt_1_11_9_12         TGTAGGAATAGATGTAGACACACGAGCATATTTTACTACAGCTACAATAATTATTGCAGTTCCTACAGGAGTAAAAATTTTTAGTTGGATTGCAACTCTTCAAGGTAGATTCTTATATATAACAC 
12_FSA1_yt_2_11_9_12         TGTGGGAATAGATGTAGACACACGAGCATATTTTACTACAGCTACAATAATTATTGCAGTTCCTACAGGAGTAAAAATTTTTAGTTGAATTGCAACTCTTCAAGGTAGATTCTTATATATAACAC 
11_21_Ent_1_7_29_12          AGTAGGAATAGATGTAGACACACGAGCCTATTTTACTACCGCAACAATAATTATTGCAGTTCCTACTGGAGTAAAAATTTTTAGCTGAATTGCTACCCTTCAAGGAAGCCTTCTTGTAATAACCC 
11_52_Wbu_1_7_29_12          TGTAGGAATAGATGTAGATACACGAGCTTATTTTACTACTGCTACTATAATTATTGCTGTTCCCACAGGAGTAAAAATTTTTAGCTGAATTGCTACTCTTCAAGGAAGACTTTTAAATATAACCC 
11_135_Wsp_1_7_29_12         AGTAGGAATAGATGTAGACACACGAGCATATTTTACAACTGCAACAATAATTATTGCGGTACCCACTGGAGTGAAAATCTTTAGTTGAATCGCAACCCTTCAAGGAAGTTTCTTAATTATAACCC 
11_50_ni_1_11_9_12           AGTAGGAATAGATGTCGACACCCGAGCTTATTTTACTACTGCAACTATAATCATTGCAGTGCCCACAGGAGTAAAAATTTTTAGTTGAATTGCTACTCTTCAAGGTAGATATTTGAATATAACAC 
12_FSVTlam_ni_1_12_20_12_B   CGTAGGAATAGATGTAGATACACGAGCCTATTTTACCACCGCTACCATAATTATTGCAGTACCCACAGGAGTAAAAATTTTTAGCTGAATTGCGACTCTTCAAGGTAGTTATTTAAATATAACAC 
11_CDhend_bi_1_11_9_12       AGTGGGTATAGACGTAGACACACGAGCATACTTCACAACAGCCACTATAATTATTGCTGTCCCTACTGGAGTAAAAATTTTTAGCTGAATTGCCACCCTTCAAGGAAGCCTTTTAACAATAACGC 
11_CDhend_bi_2_11_9_12       AGTGGGTATAGACGTAGACACACGAGCATACTTCACAACAGCCACTATAATTATTGCTGTCCCTACTGGAGTAAAAATTTTTAGCTGAATTGCCACCCTTCAAGGAAGCCTTTTAACAATAACGC 
11_CDhend_ye_1_11_9_12       AGTGGGTATAGACGTAGACACACGAGCATACTTCACAACAGCCACTATAATTATTGCTGTCCCTACTGGAGTAAAAATTTTTAGCTGAATTGCCACCCTTCAAGGAAGCCTTTTAACAATAACGC 
11_149_Hso_1_7_29_12         AGTAGGAATAGATGTAGACACCCGAGCTTATTTTACTACAGCAACTATAATTATTGCTGTACCTACAGGAGTAAAAATTTTTAGATGAATTGCTACACTTCAAGGTAGATTTTTAAATATAACCC 
12_19_Hsa_1_9_27_12          AGTCGGGATAGATGTAGACACTCGAGCATACTTTACTACAGCAACTATAATTATTGCTGTTCCCACAGGAGTTAAAATTTTTAGCTGAATTGCCACACTTCAAGGAAGCTACTTGAATATAACAC 
11_159_Wni_1_9_27_12         AGTTGGTATAGATGTGGACACTCGAGCTTACTTCACAACAGCCACTATAATTATTGCGGTACCTACAGGTGTAAAAATTTTCAGATGAATTGCCACTCTTCAAGGAAGAATTCTTAACATAACAC 
11_134_as_2_11_9_12          CGTGGGAATGGATGTTGACACACGAGCTTATTTTACTACAGCCACTATAATTATTGCAGTTCCCACAGGAGTTAAAATTTTCAGTTGAATCGCTACTCTACAAGGAAGATTTTTAACTATAACCC 
11_134_as_3_12_20_12         CGTGGGAATGGATGTTGACACACGAGCTTATTTTACTACAGCCACTATAATTATTGCAGTTCCCACAGGAGTTAAAATTTTCAGTTGAATCGCTACTCTACAAGGAAGATTTTTAACTATAACCC 
12_9_sp2_1_12_20_12A         AGTAGGAATAGATGTAGACACTCGAGCTTATTTTACCACAGCAACAATAATTATTGCTGTGCCCACAGGAGTAAAAATTTTTAGATGAATTGCTACTCTTCAAGGCAGATTCTTATCTATATCTC 
12_9_sp2_2_12_20_12A         AGTAGGAATAGATGTAGACACTCGAGCTTATTTTACCACAGCAACAATAATTATTGCTGTGCCCACAGGAGTAAAAATTTTTAGATGAATTGCTACTCTTCAAGGCAGATTCTTATCTATATCTC 
12_9_sp2_1_12_20_12B         AGTAGGAATAGATGTAGACACTCGAGCTTACTTTACCACAGCAACAATAATTATTGCTGTGCCCACAGGAGTAAAATTTTTTAGATGAATTGCTACTCTTCAGGGTAGCTTCTTATCTATATCAC 
12_9_sp2_2_12_20_12B         AGTAGGAATAGATGTAGACACTCGAGCTTACTTTACCACAGCAACAATAATTATTGCTGTGCCCACAGGAGTAAAAATTTTTAGATGAATTGCTACTCTTCAGGGTAGCTTCTTATCTATATCAC 
Seira_dowlingi               AGTAGGAATAGATGTAGACACTCGAGCTTACTTTACAACTGCTACAATAATTATTGCCGTACCAACCGGGGTTAAAATTTTCAGCTGAATTGCTACGCTTCAAGGATCATATTTAAATTTCACTC 
P_violenta                   TGTAGGAATGGATGTAGACACCCGAGCCTACTTTACTACAGCGACTATAATTATTGCAGTCCCTACAGGGGTAAAAATTTTCAGATGAATTGCTACCCTTCAAGGGTCCTTCCTTATTATAACCC 
                                                                                                                                                           
                                      1010      1020      1030      1040      1050      1060      1070      1080      1090      1100      1110      1120   
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_17_at_2_4_3_12            CTGCTTTAATATGAGCTATTGGGTTTGTTTTTCTTTTTACAGTGGGGGGATTAACTGGAATTATTTTAGCTAATTCTTCTATTGATATTGTACTTCATGATACTTATTATGTAGTAGCTCATTTT 
11_17_at_3_2_17_12           CTGCTTTAATATGAGCTATCGGGTTTGTTTTTCTTTTTACAGTGGGGGGATTAACTGGAATTATTTTAGCTAATTCTTCTATTGATATTGTACTTCATGATACTTATTATGTAGTAGCTCATTTT 
11_17_at_4_4_3_12            CTGCTTTAATATGAGCTATTGGGTTTGTTTTTCTTTTTACAGTAGGGGGATTAACTGGAATTATTTTAGCTAATTCTTCTATTGATATCGTACTTCATGATACTTATTATGTAGTAGCTCATTTT 




                                      1010      1020      1030      1040      1050      1060      1070      1080      1090      1100      1110      1120   
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_17_at_6_4_3_12            CTGCTTTAATATGAGCTATTGGGTTTGTTTTTCTTTTTACAGTAGGGGGATTAACTGGAATTATTTTAGCTAATTCTTCTATTGATATCGTACTTCATGATACTTATTATGTAGTAGCTCATTTT 
11_60_as_1_4_3_12            CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_60_as_2_4_3_12            CTGCTCTTCTCTGAGCTGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGGATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_82_as_1_4_3_12            CTGCTCTTCTCTGAGCTGTAGGGTTCGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCAAACTCTTCTATTGATATTATTTTACATGACACGTACTACGTGGTGGCACACTTC 
11_82_as_2_4_3_12            CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_90_as_1_7_29_12           CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGTATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_90_as_2_7_29_12           CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_100_as_1_4_3_12           CTGCTCTTCTCTGAGCTGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGGATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_100_as_2_4_3_12           CTGCTCTTCTCTGAGCTGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGGATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_116_as_1_4_3_12           CTGCTCTTCTCTGAGCTGTAGGGTTCGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCAAACTCTTCTATTGATATTATTTTACATGACACGTACTACGTGGTGGCACACTTC 
11_116_as_2_11_9_12          CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_157_as_2_4_3_12           CTGCTCTTCTCTGAGCTGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_157_as_3_4_3_12           CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCGCACTTC 
11_160_as_1_4_3_12           CTGCTCTTCTCTGAGCTGTAGGGTTCGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCAAACTCTTCTATTGATATTATTTTACATGACACGTACTACGTGGTGGCACACTTC 
11_160_as_2_4_3_12           CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
12_6_as_1_7_29_12            CTGCTCTTCTCTGAGCTGTAGGGTTCGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCAAACTCTTCTATTGATATTATTTTACATGACACGTACTACGTGGTGGCACACTTC 
12_6_as_2_7_29_12            CTGCTCTTCTATGAGCCGTGGGGTTTGTATTCCTATTCACTGTGGGGGGATTAACTGGAATTATTTTAGCGAATTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
12_50_as_1_11_9_12           CTGCTCTTCTCTGAGCTGTGGGGTTTGTATTCCTATTCACTGTGGGGGGACTCACTGGAATTATCTTAGCGAACTCTTCTATTGATATTATTTTACATGACACATACTACGTGGTGGCACACTTC 
11_33_li_1_1_18_12           CAGCTCTTCTTTGAGCCACAGGGTTTGTATTTTTATTTACCGTAGGAGGTCTTACAGGAATTATTTTAGCTAATTCTTCAATTGATATTATTCTTCATGATACCTATTATGTTGTAGCACACTTC 
11_33_li_2_4_3_12            CAGCTCTTCTTTGAGCCACAGGGTTTGTATTTTTATTTACCGTAGGAGGTCTTACAGGAATTATTTTAGCTAATTCTTCAATTGATATTATTCTTCATGATACCTACTATGTTGTAGCACACTTC 
11_33_li_3_4_3_12            CAGCTCTTCTTTGAGCCACAGGGTTTGTATTTTTATTTACCGTAGGAGGTCTTACAGGAATTATTTTAGCTAATTCTTCAATTGATATTATTCTTCATGATACCTACTATGTTGTAGCACACTTC 
11_37_li_1_4_15_12           CAGCCCTTCTTTGAGCTATTGGGTTTGTATTTTTATTTACAGTAGGAGGATTAACAGGAATTATTTTAGCTAATTCATCAATCGATATTATTCTTCATGACACTTACTATGTAGTAGCACATTTT 
11_37_li_2_4_3_12            CAGCCCTTCTTTGAGCTATTGGGTTTGTATTTTTATTTACAGTAGGAGGATTAACAGGAATTATTTTAGCTAACTCATCAATCGATATTATTCTTCATGACACTTACTATGTAGTAGCACATTTT 
11_39_li_1_4_3_12            CGGCCTTACTTTGAGCTATTGGGTTTGTATTTTTATTTACAGTGGGGGGATTAACAGGAATTATTTTAGCTAACTCATCAATCGATATTATTCTTCATGATACTTACTATGTAGTAGCACATTTT 
11_39_li_2_4_3_12            CGGCCTTACTTTGAGCTATTGGGTTTGTATTTTTATTTACAGTGGGGGGATTAACAGGAATTATTTTAGCTAACTCATCAATCGATATTATTCTTCATGATACTTACTATGTAGTAGCACATTTT 
11_39_li_3_11_9_12           CGGCCTTACTTTGAGCTATTGGGTTTGTATTTTTATTTACAGTGGGGGGATTAACAGGAATTATTTTAGCTAACTCATCAATCGATATTATTCTTCATGATACTTACTATGTAGTAGCACATTTT 
11_41_li_1_11_9_12           CAGCCCTACTTTGAGCTATTGGATTTGTATTTTTATTTACAGTGGGAGGCTTAACAGGAATCATTTTAGCTAACTCATCAATTGATATTATTCTTCATGATACTTATTATGTAGTAGCACATTTT 
11_41_li_2_4_3_12            CAGCCCTACTTTGAGCTATTGGATTTGTGTTTTTATTTACAGTAGGAGGCTTAACAGGAATTATTTTAGCTAATTCATCAATTGATATTATTCTTCATGACACTTACTATGTAGTAGCACATTTT 
11_41_li_3_9_11_12           CAGCCCTACTTTGAGCTATTGGATTTGTATTTTTATTTACAGTGGGAGGCTTAACAGGAATCATTTTAGCTAACTCATCAATTGATATTATTCTTCATGATACTTATTATGTAGTAGCACATTTT 
11_BGA1_li_1_4_3_12          CAGCCCTACTTTGAGCTATTGGTTTTGTGTTTTTATTTACAGTAGGAGGCTTAACAGGAATTATTTTAGCTAATTCATCAATTGATATTATTCTTCATGATACTTACTATGTAGTAGCACATTTT 
11_BGA1_li_2_4_3_12          CAGCCCTACTTTGAGCTATTGGTTTTGTGTTTTTATTTACAGTAGGAGGCTTAACAGGAATTATTTTAGCTAATTCATCAATTGATATTATTCTTCATGATACTTACTATGTAGTAGCACATTTT 
11_JCIL1_qu_1_4_27_12        CCTCTCTTTTATGAGCCATCGGATTTGTATTTTTATTTACTGTAGGGGGTCTAACAGGAATTATCCTGGCAAACTCATCTATTGATATTATTCTTCACGATACCTATTACGTTGTTGCTCATTTT 
11_JCIL1_qu_2_7_29_12        CCTCTCTTTTATGAGCCATCGGATTTGTATTTTTATTTACTGTAGGGGGTCTAACAGGAATTATCCTGGCAAACTCATCTATTGATATTATTCTTCACGATACCTATTACGTTGTTGCTCATTTT 
11_59a_qu_2_7_10_12          CCTCTCTTTTATGAGCCATCGGATTTGTATTTTTATTTACTGTGGGAGGTCTAACAGGAATTATCCTGGCAAACTCATCTATTGATATCATTCTTCACGATACTTATTACGTTGTTGCTCATTTT 
11_59a_qu_1_7_10_12          CCTCTCTTTTATGAGCCATCGGATTTGTATTTTTATTTACTGTGGGAGGTCTAACAGGAATTATCCTGGCAAACTCATCTATTGATATCATTCTTCACGATACTTATTACGTTGTTGCTCATTTT 
11_61_qu_1_7_10_12           CCTCTCTTTTATGAGCCATCGGATTTGTATTTTTATTTACTGTAGGAGGTCTAACAGGAATTATCCTGGCAAACTCATCTATTGATATCATTCTTCACGATACCTATTACGTTGTTGCTCATTTT 
11_61_qu_2_7_10_12           CCTCTCTTTTATGAGCCATCGGATTCGTATTTTTATTTACTGTAGGAGGTTTAACAGGAATTATTCTGGCAAACTCATCTATTGATATTATTCTTCACGATACATATTACGTTGTTGCTCATTTT 
11_105_qu_1_4_27_12          CCTCTCTTTTATGAGCCATCGGATTTGTATTTTTATTTACTGTAGGAGGCCTAACAGGAATTATCCTGGCAAACTCATCTATTGATATTATTCTTCACGATACCTATTACGTTGTTGCTCATTTT 
11_105_qu_2_7_10_12          CAGCCTTAATGTGAGCGATAGGGTTTGTATTTTTATTCACAGTAGGAGGGCTAACAGGAATTATTTTAGCAAACTCTTCAATCGATATTATTTTACATGATACTTATTATGTTGTAGCTCACTTT 
11_108_qu_1_7_10_12          CAGCTTTAATGTGAGCTGTAGGATTTGTATTTTTATTCACCGTAGGAGGATTAACAGGCATTATCTTAGCAAACTCTTCAATCGATATTATTTTACACGACACTTATTATGTTGTAGCCCATTTT 
11_108_qu_2_7_10_12          CAGCTTTAATATGAGCGGTGGGATTTGTGTTTTTATTCACCGTGGGTGGATTAACAGGAATTATCTTAGCAAACTCTTCAATCGATATTATTTTACACGATACTTATTATGTTGTAGCCCATTTT 
12_2_qu_1_11_9_12            CAGCCTTAATATGAGCCGTAGGATTTGTATTTTTATTCACTGTAGGGGGGCTAACAGGAATTATTTTAGCAAACTCTTCAATCGATATTATTCTACACGATACTTATTATGTTGTAGCTCATTTT 
12_2_qu_2_7_10_12            CAGCCTTAATATGAGCCGTAGGATTTGTATTTTTATTCACTGTAGGGGGGCTAACAGGAATTATTTTAGCAAACTCTTCAATCGATATTATTCTACACGATACTTATTATGTTGTAGCTCATTTT 
12_FSA2_qu_1_11_9_12         CAGCTTTAATATGAGCCGTAGGATTTGTATTTTTATTCACCGTAGGTGGATTAACAGGCATTATCTTAGCAAACTCTTCAATCGATATTATTTTACACGACACTTATTATGTTGTAGCCCATTTT 
12_FSA2_qu_2_11_9_12         CAGCTTTAATATGAGCCGTAGGATTTGTATTTTTATTCACCGTAGGTGGATTAACAGGCATTATCTTAGCAAACTCTTCAATCGATATTATTTTACACGACACTTATTATGTTGTAGCCCATTTT 
11_74_cl_1_4_27_12           CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTCTAGCCAATTCTTCTATTGATATTATTCTTCATGATACTTATTATGTGGTGGCCCATTTC 
11_74_cl_2_4_27_12           CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTCTAGCCAATTCTTCTATTGATATTATTCTTCATGATACTTATTATGTAGTGGCCCATTTC 
11_100_cl_1_12_20_12         CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTCTAGCCAATTCTTCTATTGATATTATTCTTCATGATACTTATTATGTAGTAGCCCACTTC 
11_100_cl_2_7_10_12          CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTTTAGCCAATTCCTCTATTGATATCATTCTTCATGATACTTACTATGTAGTAGCCCACTTC 
11_166_cl_1_4_27_12          CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTTTAGCCAATTCCTCTATTGATATCATTCTTCATGATACTTACTATGTAGTAGCCCACTTC 
11_166_cl_2_7_10_12          CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGTATTATTCTAGCCAATTCCTCTATTGATATTATTCTTCATGACACTTACTATGTAGTAGCCCACTTC 
11_81_cl_1_7_29_12           CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTCTAGCCAATTCTTCTATTGATATTATTCTTCATGATACTTATTATGTGGTGGCCCATTTC 
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11_59_cl_1_7_29_12           CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTCTAGCCAATTCTTCTATTGATATTATTCTTCATGATACTTATTATGTGGTGGCCCATTTC 
11_116_cl_1_7_29_12          CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGTATTATTCTAGCCAATTCCTCTATTGATATTATTCTTCATGACACTTACTATGTAGTAGCCCACTTC 
11_142_cl_1_11_9_12          CAGCTTTAATATGAGCTATTGGGTTTGTATTTTTATTTACTGTTGGAGGATTAACTGGCATTATTCTAGCCAATTCCTCTATTGATATTATTCTTCATGATACTTACTATGTAGTAGCCCACTTC 
11_32_in_1_7_29_12           CAGCATTAATATGAGCAATTGGTTTCGTATTTTTATTTACAGTGGGAGGCCTCACTGGAATCATTTTAGCAAATTCTTCGATTGATATTGTTCTTCACGATACGTATTATGTAGTGGCACATTTT 
12_50_in_1_11_9_12           CAGCATTAATATGAGCAATTGGTTTCGTATTTTTATTTACAGTGGGAGGCCTCACTGGAATCATTTTAGCAAATTCTTCGATTGATATTGTTCTTCACGATACGTATTATGTAGTGGCACATTTT 
12_50_in_2_11_9_12           CAGCATTAATATGAGCAATTGGTTTCGTATTTTTATTTACAGTGGGAGGCCTCACTGGAATCATTTTAGCAAATTCTTCGATTGATATTGTTCTTCACGATACGTATTATGTAGTGGCACATTTT 
J_SM86_mu_1_11_9_12          CAGCTTTAATATGAGCAATTGGATTTGTTTTTCTTTTTACTGTTGGGGGTCTAACTGGAATTATTCTAGCTAACTCTTCTATTGATATTGTTCTTCATGACACATATTATGTGGTAGCACATTTT 
J_SM86_mu_2_11_9_12          CAGCTTTAATATGAGCAATTGGATTTGTTTTTCTTTTTACTGTTGGGGGTCTAACTGGAATTATTCTAGCTAACTCTTCTATTGATATTGTTCTTCATGACACATATTATGTGGTAGCACATTTT 
12_2_yt_1_7_29_12            CAGCTCTTCTTTGAGCTATTGGATTTGTTTTTTTATTTACAGTAGGAGGATTAACAGGAATTATCTTAGCCAACTCATCAATTGATATTATTCTTCATGACACTTACTATGTAGTAGCACATTTT 
12_FSA1_yt_1_11_9_12         CAGCCCTTCTTTGAGCTATTGGGTTTGTTTTTTTATTTACAGTAGGAGGATTAACAGGAATTATTTTAGCCAATTCATCAATCGATATTATTCTTCATGATACTTATTACGTAGTAGCACATTTT 
12_FSA1_yt_2_11_9_12         CAGCCCTTCTTTGAGCTATTGGGTTTGTTTTTTTATTTACAGTAGGAGGATTAACAGGAATTATTTTAGCCAATTCATCAATCGATATTATTCTTCATGATACTTATTACGTAGTAGCACATTTT 
11_21_Ent_1_7_29_12          CTGCTTTAATATGAGCAATTGGGTTTGTATTTTTATTTACTGTGGGGGGTCTCACTGGAATTATTTTAGCTAACTCTTCTATTGACATTATTCTTCATGATACTTATTATGTAGTAGCTCATTTT 
11_52_Wbu_1_7_29_12          CAGCATTAATATGAGCCATTGGATTTGTTTTTTTATTTACTGTAGGGGGTCTAACTGGAATTATTTTAGCTAATTCTTCTATTGACATTATTCTTCACGACACCTACTACGTTGTAGCTCATTTT 
11_135_Wsp_1_7_29_12         CCGCTTTAATATGAGCTATTGGTTTTGTATTTCTTTTTACTGTGGGGGGTCTAACCGGAATTGTATTAGCTAACTCTTCAATTGATATTATTTTACACGACACCTATTATGTGGTAGCTCACTTT 
11_50_ni_1_11_9_12           CAGCATTAATATGAGCCATTGGCTTTGTATTTTTATTCACCGTAGGAGGGTTAACAGGAATTATTTTAGCAAACTCTTCAATTGATATTATTCTTCATGACACTTATTATGTAGTAGCACATTTT 
12_FSVTlam_ni_1_12_20_12_B   CCGCATTAATATGAGCTATTGGATTTGTATTTTTATTCACAGTAGGAGGACTAACAGGAATTATTTTGGCAAACTCTTCCATTGATATTGTTTTACATGATACTTATTATGTAGTGGCACACTTT 
11_CDhend_bi_1_11_9_12       CTGCTCTACTATGAGCTATCGGATTTGTGTTTTTATTTACAGTGGGGGGCCTTACAGGAATTATTTTAGCAAACTCATCGATTGATATTATTCTTCACGACACTTACTACGTTGTAGCTCACTTC 
11_CDhend_bi_2_11_9_12       CTGCTCTACTATGAGCTATCGGATTTGTGTTTTTATTTACAGTGGGGGGCCTTACAGGAATTATTTTAGCAAACTCATCAATTGATATTATTCTTCACGACACTTACTACGTTGTAGCTCACTTC 
11_CDhend_ye_1_11_9_12       CTGCTCTACTATGAGCTATCGGATTTGTGTTTTTATTTACAGTGGGGGGCCTTACAGGAATTATTTTAGCAAACTCATCGATTGATATTATTCTTCACGACACTTACTACGTTGTAGCTCACTTC 
11_149_Hso_1_7_29_12         CAGCATTAATATGATCTGTTGGATTTGTGTTTCTTTTTACTGTCGGAGGTCTAACTGGAATTATTTTAGCCAACTCTTCCATTGATATCATTTTACATGACACATACTACGTAGTAGCTCATTTT 
12_19_Hsa_1_9_27_12          CTGCTTTAATATGAGCAGTTGGATTTGTTTTTCTTTTTACAGTAGGAGGATTAACAGGAATTATTTTAGCAAACTCTTCAATCGACATTATTTTGCATGATACATATTACGTCGTAGCCCATTTT 
11_159_Wni_1_9_27_12         CTGCCCTTCTTTGAGCTATTGGGTTCGTTTTTCTGTTCACAGTAGGAGGGTTAACAGGTATTATTTTAGCAAATTCTTCTATTGATATTATTCTTCATGATACTTACTACGTTGTAGCTCATTTT 
11_134_as_2_11_9_12          CTGCTTTACTGTGAGCGGTCGGGTTCGTATTCCTATTCACTGTCGGGGGCCTAACCGGAATTATTTTAGCTAACTCTTCAATTGATATTATTCTTCACGACACTTACTACGTAGTAGCTCACTTT 
11_134_as_3_12_20_12         CTGCTTTACTGTGAGCGGTCGGGTTCGTATTCCTATTCACTGTCGGGGGCCTAACCGGAATTATTTTAGCTAACTCTTCAATTGATATTATTCTTCACGACACTTACTACGTAGTAGCTCACTTT 
12_9_sp2_1_12_20_12A         CTGCCTTGATATGAGCTATTGGCTTTGTATTTTTATTCACTGTGGGTGGTCTTACAGGTATTATTTTAGCTAACTCATCAATTGATATTATTTTACATGACACTTATTACGTAGTAGCTCACTTC 
12_9_sp2_2_12_20_12A         CTGCCTTGATATGAGCTATTGGCTTTGTATTTTTATTCACTGTGGGTGGTCTTACAGGTATTATTTTAGCTAACTCATCAATTGATATTATTTTACATGACACTTATTACGTAGTAGCTCACTTC 
12_9_sp2_1_12_20_12B         CTGCTTTAATATGAGCTATTGGCTTTGTATTTCTATTCACTGTGGGTGGTCTTACAGGTATTATTTTAGCTAATTCATCAATTGATATCATTTTACATGACACCTATTATGTAGTAGCTCATTTT 
12_9_sp2_2_12_20_12B         CTGCTTTAATATGAGCTATTGGCTTTGTATTTCTATTCACTGTGGGGGGTCTTACAGGTATTATTTTAGCTAATTCATCAATTGATATCATTTTACATGACACCTATTATGTAGTAGCTCTTTTT 
Seira_dowlingi               CTGCACTTTTATGGGCTATCGGGTTCGTGTTTTTATTTACTGTAGGTGGCCTTACCGGCATTATTTTAGCCAACTCCTCTATTGACATTATTCTCCACGACACTTATTACGTTGTAGCTCACTTT 
P_violenta                   CAACTCTTCTCTGAGCAGTCGGATTCGTCTTCCTATTTACAGTTGGAGGTCTAACAGGTATTATTTTAGCTAACTCATCTATTGACATTATTCTTCACGACACATATTATGTAGTAGCCCACTTC 
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11_17_at_2_4_3_12            CATTATGTTCTTTCTATAGGAGCAGTATTTGCTATTATAGCCGGGTTAATCCATTGATTTCCTTTATTTACAGGTACAAGAATAAACCCTTTATGACTAAAGGCCCAATTTTCCGTTATATTCAT 
11_17_at_3_2_17_12           CATTATGTTCTTTCTATAGGAGCAGTATTTGCTATTATAGCCGGGTTAATCCATTGATTTCCTTTATTTACAGGTACAAGAATAAACCCTTTATGACTAAAGGCCCAATTTTCCGTTATATTCAT 
11_17_at_4_4_3_12            CATTATGTTCTTTCTATAGGAGCAGTATTTGCTATTATAGCCGGGTTAATCCATTGATTTCCTTTATTTACAGGTACAAGAATAAACCCTTTATGACTAAAGGCCCAATTTTCCGTTATATTCAT 
11_17_at_5_11_9_12           CATTATGTTCTTTCTATAGGAGCAGTATTTGCTATTATAGCCGGGTTAATCCATTGATTTCCTTTATTTACAGGTACAAGAATAAACCCTTTATGACTAAAGGCCCAATTTTCCGTTATATTCAT 
11_17_at_6_4_3_12            CATTATGTTCTTTCTATAGGAGCAGTATTTGCTATTATAGCCGGGTTAATCCATTGATTTCCTTTATTTACAGGTACAAGAATAAACCCTTTATGACTAAAGGCCCAATTTTCCGTTATATTCAT 
11_60_as_1_4_3_12            CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTTTT 
11_60_as_2_4_3_12            CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_82_as_1_4_3_12            CACTATGTACTCTCTATAGGAGCAGTATTTGCCATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAACAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_82_as_2_4_3_12            CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAGTTATATTTTT 
11_90_as_1_7_29_12           CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_90_as_2_7_29_12           CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTTTT 
11_100_as_1_4_3_12           CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_100_as_2_4_3_12           CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_116_as_1_4_3_12           CACTATGTACTCTCTATAGGAGCAGTATTTGCCATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAACAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_116_as_2_11_9_12          CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTTTT 
11_157_as_2_4_3_12           CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_157_as_3_4_3_12           CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTTTT 
11_160_as_1_4_3_12           CACTATGTACTCTCTATAGGAGCAGTATTTGCCATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAACAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_160_as_2_4_3_12           CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTTTT 
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12_6_as_2_7_29_12            CACTATGTACTCTCTATAGGAGCTGTGTTTGCAATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAACAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTTTT 
12_50_as_1_11_9_12           CACTATGTGCTCTCTATAGGAGCTGTGTTTGCCATTATAGGAGGCCTAATTCACTGATTCCCGTTATTCACAGGAGCAAGCATAAACCCTTTATGACTTAAGATTCAATTTGGAATTATATTCTT 
11_33_li_1_1_18_12           CACTATGTTTTATCAATGGGGGCAGTATTTGCTATTATAGGAGGGCTAATTCATTGATTTCCTTTATTAACTGGAAACAGAATGAATCCTTCATGATTAAAAATTCAATTTATTATTATATTTTT 
11_33_li_2_4_3_12            CACTATGTTTTATCAATGGGGGCAGTATTTGCTATTATAGGAGGGCTAATTCATTGATTTCCTTTATTCACTGGAAACAGAATGAATCCTTCATGATTAAAAATTCAATTTATTATTATATTTTT 
11_33_li_3_4_3_12            CACTATGTTTTATCAATGGGGGCAGTATTTGCTATTATAGGAGGGCTAATTCATTGATTTCCTTTATTCACTGGAAACAGAATGAATCCTTCATGATTAAAAATTCAATTTATTATTATATTTTT 
11_37_li_1_4_15_12           CACTATGTTTTATCTATAGGAGCCGTATTCGCTATTATAGGTGGACTAATTCACTGATTTCCATTATTTACCGGAAATAGAATAAATCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_37_li_2_4_3_12            CACTATGTTTTATCTATAGGAGCCGTATTCGCTATTATAGGTGGGCTAATTCACTGATTTCCATTATTTACCGGAAATAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_39_li_1_4_3_12            CATTATGTTTTATCTATGGGGGCAGTATTTGCTATTATAGGGGGGCTAATTCACTGGTTTCCATTATTCACAGGAAATAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_39_li_2_4_3_12            CATTATGTTTTATCTATGGGGGCAGTATTTGCTATTATAGGGGGGCTAATTCACTGGTTTCCATTATTCACAGGAAATAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_39_li_3_11_9_12           CATTATGTTTTATCTATGGGGGCAGTATTTGCTATTATAGGGGGGCTAATTCACTGGTTTCCATTATTCACAGGAAATAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_41_li_1_11_9_12           CATTATGTTTTATCTATGGGAGCAGTATTTGCTATTATAGGGGGGCTAATTCACTGGTTTCCATTATTCACAGGAAATAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_41_li_2_4_3_12            CATTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGGAGGACTAATTCACTGGTTTCCATTGTTCACGGGAAACAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_41_li_3_9_11_12           CATTATGTTTTATCTATGGGAGCAGTATTTGCTATTATAGGGGGGCTAATTCACTGGTTTCCATTATTCACAGGAAATAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_BGA1_li_1_4_3_12          CATTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGGAGGACTAATTCACTGGTTTCCATTATTCACAGGAAACAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_BGA1_li_2_4_3_12          CATTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGGAGGACTAATTCACTGGTTTCCATTATTCACAGGAAACAGAATAAACCCATCTTGATTAAAAATTCAATTTATTGTTATATTTTT 
11_JCIL1_qu_1_4_27_12        CACTATGTTTTATCTATAGGAGCAGTTTTTGCTATTATAGGGGGGTTAGTACACTGGTTCCCATTATTTTCAGGCAACAGAATAAATCCTTACTGATTAAAAATTCAATTCATTGCCATATTTCT 
11_JCIL1_qu_2_7_29_12        CACTATGTTTTATCTATAGGAGCAGTTTTTGCTATTATAGGGGGGTTAGTACACTGGTTCCCATTATTTTCAGGCAACAGAATAAATCCTTACTGATTAAAAATTCAATTCATTGCCATATTTCT 
11_59a_qu_2_7_10_12          CACTATGTTTTATCTATAGGCGCAGTTTTTGCTATTATAGGAGGGCTAGTGCACTGGTTCCCCTTATTTTCAGGCAACAGAATAAATCCTTACTGATTAAAAATTCAATTCATTGCCATATTTCT 
11_59a_qu_1_7_10_12          CACTATGTTTTATCTATAGGCGCAGTTTTTGCTATTATAGGAGGGCTAGTGCACTGGTTCCCCTTATTTTCAGGCAACAGAATAAATCCTTACTGATTAAAAATTCAATTCATTGCCATATTTCT 
11_61_qu_1_7_10_12           CACTATGTTTTATCTATAGGCGCAGTTTTTGCTATTATAGGAGGGTTAGTGCACTGGTTCCCCTTATTTTCAGGCAACAGAATAAATCCTTACTGATTAAAAATTCAATTCATTGCCATATTTCT 
11_61_qu_2_7_10_12           CACTATGTTTTATCTATAGGAGCAGTTTTTGCTATTATAGGGGGATTAGTACACTGATTTCCCTTATTTTCAGGCAACAGAATAAATCCTTACTGATTAAAAATTCAATTCATTGCCATATTTCT 
11_105_qu_1_4_27_12          CACTATGTTTTATCTATAGGCGCAGTTTTTGCTATTATAGGGGGATTAGTACACTGATTCCCCTTATTTTCAGGCAACAGAATAAATCCTTACTGATTAAAAATTCAATTCATTGCCATATTTCT 
11_105_qu_2_7_10_12          CACTACGTTCTTTCCATGGGGGCTGTTTTTGCTATTATAGGAGGGCTAATCCATTGATTCCCACTATTTTCAGGAAATAGAATAAATCCATATTGACTTAAAATTCAATTTATTGCAATATTTTT 
11_108_qu_1_7_10_12          CACTATGTTCTCTCCATGGGAGCTGTCTTTGCTATTATAGGGGGCCTAATTCATTGATTCCCATTATTTTCAGGAAACAGAATAAATCCGTATTGATTGAAAACTCAATTTATTGCAATATTTTT 
11_108_qu_2_7_10_12          CATTATGTTCTCTCCATAGGAGCTGTCTTTGCCATTATAGGGGGGCTAATTCATTGATTCCCATTATTTTCAGGAAACAGAATAAATCCATATTGATTAAAAATTCAATTTATTGCAATATTTTT 
12_2_qu_1_11_9_12            CATTATGTTCTTTCCATAGGAGCTGTTTTTGCTATTATAGGAAGACTAATTCACTGGTTTCCACTATTCTCAGGAAATAGAATAAACCCATATTGACTTAAAATTCAATTTATTTCAATATTTTT 
12_2_qu_2_7_10_12            CATTATGTTCTTTCCATAGGAGCTGTTTTTGCTATTATAGGAAGACTAATTCACTGGTTTCCACTATTCTCAGGAAATAGAATAAACCCATATTGACTTAAAATTCAATTTATTTCAATATTTTT 
12_FSA2_qu_1_11_9_12         CACTATGTTCTCTCCATAGGAGCTGTCTTTGCTATTATAGGGGGCCTAATTCATTGATTCCCATTATTTTCAGGAAACAGAATAAATCCATATTGATTGAAAATTCAATTTATTGCAATATTTTT 
12_FSA2_qu_2_11_9_12         CACTATGTTCTCTCCATAGGAGCTGTCTTTGCTATTATAGGGGGCCTAATTCATTGATTCCCATTATTTTCAGGAAACAGAATAAATCCATATTGATTGAAAATTCAATTTATTGCAATATTTTT 
11_74_cl_1_4_27_12           CATTATGTTCTCTCTATAGGGGCTGTTTTTGCTATTATGGGAGGCTTAATTCATTGATTTCCTCTATTTACAGGAACTAGAATAAATCCCATATGACTAAAAATCCAATTTTCAATTATATTTTT 
11_74_cl_2_4_27_12           CATTATGTTCTCTCTATAGGGGCTGTTTTTGCTATTATGGGAGGCTTAATTCATTGATTTCCTCTATTTACAGGAACTAGAATAAATCCCATATGACTAAAAATCCAATTTTCAATTATATTTTT 
11_100_cl_1_12_20_12         CATTATGTTCTCTCTATAGGAGCTGTTTTTGCTATTATGGGGGGCTTAATTCACTGATTCCCTCTATTTACAGGAACTAGAATAAATCCTATGTGACTAAAAATCCAATTTTCAATTATATTTTT 
11_100_cl_2_7_10_12          CATTATGTTCTCTCTATAGGAGCTGTATTTGCTATCATGGGAGGCTTAATTCACTGATTCCCTTTATTTACAGGAACTAGAATAAACTCTATGTGACTAAAAATCCAATTTTCAATTATATTTTT 
11_166_cl_1_4_27_12          CATTATGTTCTCTCTATAGGAGCTGTGTTTGCTATCATGGGAGGCTTAATTCACTGATTCCCTTTATTTACAGGAACTAGAATAAACCCTATGTGACTAAAAATCCAATTTTCAATTATATTTTT 
11_166_cl_2_7_10_12          CATTATGTTCTTTCTATAGGAGCTGTATTTGCTATCATGGGAGGTTTAATTCACTGATTCCCTTTATTTACAGGAACTAGAATAAACCCTATATGACTAAAAATCCAATTTTCGATTATATTTTT 
11_81_cl_1_7_29_12           CATTATGTTCTCTCTATAGGGGCTGTTTTTGCTATTATGGGAGGCTTAATTCATTGATTTCCTCTATTTACAGGAACTAGAATAAATCCCATATGACTAAAAATCCAATTTTCAATTATATTTTT 
11_81_cl_2_7_29_12           CATTATGTTCTCTCTATAGGGGCTGTTTTTGCTATTATGGGAGGCTTAATTCATTGATTTCCTCTATTTACAGGAACTAGAATAAATCCCATATGACTAAAAATCCAATTTTCAATTATATTTTT 
11_59_cl_1_7_29_12           CATTATGTTCTCTCTATAGGGGCTGTTTTTGCTATTATGGGAGGCTTAATTCATTGATTTCCTCTATTTACAGGAACTAGAATAAATCCCATATGACTAAAAATCCAATTTTCAATTATATTTTT 
11_116_cl_1_7_29_12          CATTATGTTCTTTCTATAGGAGCTGTATTTGCTATCATGGGAGGTTTAATTCACTGATTCCCTTTATTTACAGGAACTAGAATAAACCCTATATGACTAAAAATCCAATTTTCGATTATATTTTT 
11_142_cl_1_11_9_12          CATTATGTTCTCTCTATGGGAGCTGTATTCGCTATTATGGGAGGTTTAATTCACTGATTCCCTTTATTTACAGGAACTAGAATAAACCCTATGTGACTAAAAATCCAATTTTCAATTATATTTTT 
11_32_in_1_7_29_12           CACTATGTATTATCTATGGGGGCTGTCTTTGCCATTATAGCGGGCTTAATTCACTGATTTCCTTTATTCACAGGGACTAGAATAAATCCTTTATGATTAAAAGCTCAATTCTCTGTAATGTTCAT 
12_50_in_1_11_9_12           CACTATGTATTATCTATGGGGGCTGTCTTTGCCATTATAGCGGGCTTAATTCACTGATTTCCTTTATTCACAGGGACTAGAATAAATCCTTTATGATTAAAAGCTCAATTCTCTGTAATGTTCAT 
12_50_in_2_11_9_12           CACTATGTATTATCTATGGGGGCTGTCTTTGCCATTATAGCGGGCTTAATTCACTGATTTCCTTTATTCACAGGGACTAGAATAAATCCTTTATGATTAAAAGCTCAATTCTCTGTAATGTTCAT 
J_SM86_mu_1_11_9_12          CACTATGTTCTTTCTATAGGAGCAGTATTTGCTATTATAGCAGGATTAATTCATTGATTTCCTTTATTCACTGGAACAAGAATAAACCCTCTATGATTAAAAGCACAATTTTCTGTTATATTTAT 
J_SM86_mu_2_11_9_12          CACTATGTTCTTTCTATAGGAGCAGTATTTGCTATTATAGCAGGATTAATTCATTGATTTCCTTTATTCACTGGAACAAGAATAAACCCTCTATGATTAAAAGCACAATTTTCTGTTATATTTAT 
12_2_yt_1_7_29_12            CATTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGGGGGATTAATTCACTGATTTCCCCTATTCACTGGAAATAGAATAAACCCATCTTGATTAAAAATTCAATTTATTATTATATTTTT 
12_FSA1_yt_1_11_9_12         CACTATGTTTTATCTATAGGAGCAGTCTTTGCTATTATAGGAGGATTAATTCACTGATTTCCCTTATTTACTGGAAACAGTATAAATCCATCTTGGTTAAAAATTCAATTTATTGTTATATTTTT 
12_FSA1_yt_2_11_9_12         CACTATGTTTTATCTATAGGAGCAGTCTTTGCTATTATAGGAGGATTAATTCACTGATTTCCCTTATTTACTGGAAACAGTATAAATCCATCTTGGTTAAAAATTCAATTTATTGTTATATTTTT 
11_21_Ent_1_7_29_12          CATTACGTTCTTTCTATAGGAGCTGTATTTGCCATTATAGGAGGTCTAATTCACTGATTCCCTTTATTTACAGGAACTAGTATAAACCCCTTATGATTAAAAATTCAATTCATTACTATATTTCT 
11_52_Wbu_1_7_29_12          CATTATGTTCTTTCTATAGGAGCAGTGTTTGCTATTATAGGGGGTCTAATTCACTGATTCCCTTTATTTACAGGAACGAGCATAAATCCTTTATGGTTAAAAATCCAATTTTCAGTTATATTTTT 
11_135_Wsp_1_7_29_12         CACTATGTCCTATCAATAGGAGCAGTGTTCGCCATTATAGGGGGGCTTGTTCACTGATTTCCTTTATTTACTGGAACTAGAATAAACCCCTCATGACTGAAAATACAATTTGCAATTATATTTCT 
11_50_ni_1_11_9_12           CACTATGTTTTGTCGATAGGAGCTGTATTTGCCATTATAGCTGGTTTAATCCACTGATTCCCCTTGTTTACAGGAACTAGTATAAACCCTTTATGATTAAAGGCCCAATTCTCCGTCATATTTAT 




                                 1130      1140      1150      1160      1170      1180      1190      1200      1210      1220      1230      1240        
                                 .         .         .         .         .         .         .         .         .         .         .         .         . 
11_CDhend_bi_1_11_9_12       CATTACGTTCTATCCATAGGAGCAGTATTTGCTATTATAGGAGGACTAGTTCATTGATTCCCTTTATTTTCTGGAAACAGTATAAATCCTTACTGATTAAAAATCCAATTTGCCTCAATATTTTT 
11_CDhend_bi_2_11_9_12       CATTACGTTCTATCCATAGGAGCAGTATTTGCTATTATAGGAGGACTAGTTCATTGATTCCCTTTATTTTCTGGAAACAGTATAAATCCTTACTGATTAAAAATCCAATTTGCCTCAATATTTTT 
11_CDhend_ye_1_11_9_12       CATTACGTTCTATCCATAGGAGCAGTATTTGCTATTATAGGAGGACTAGTTCATTGATTCCCTTTATTTTCTGGAAACAGTATAAATCCTTACTGATTAAAAATCCAATTTGCCTCAATATTTTT 
11_149_Hso_1_7_29_12         CACTATGTTTTATCTATAGGAGCTGTATTTGCTATTATAGCAGGCTTGATTCATTGATTTCCTTTATTTACAGGAAACAGAATGAATCCTCTTTGATTAAAAATTCAATTTTTAACAATATTTTT 
12_19_Hsa_1_9_27_12          CATTATGTGCTTTCTATGGGAGCAGTTTTTGCTATCATAGGAGGGTTAATTCATTGATTTCCACTATTTACAGGAAATAGCATAAACCCCACTTGACTAAAAATTCAATTTATTATTATGTTTTT 
11_159_Wni_1_9_27_12         CACTATGTTCTTTCCATAGGAGCTGTGTTTGCTATTATGGGAGGTTTAATTCATTGATTCCCTTTATTTACCGGAACAAGAATGAACCCCTTATGACTTAAAATTCAATTTACTACAATATTTTT 
11_134_as_2_11_9_12          CACTATGTACTTTCTATGGGAGCCGTGTTCGCAATTATAGGTGGGCTAATTCACTGGTTTCCTTTATTTACAGGGACTAGTATAAACCCTCTCTGGCTTAAAATTCAATTTGGTATTATATTCCT 
11_134_as_3_12_20_12         CACTATGTACTTTCTATGGGAGCCGTGTTCGCAATTATAGGTGGGCTAATTCACTGGTTTCCTTTATTTACAGGGACTAGTATAAACCCTCTCTGGCTTAAAATTCAATTTGGTATTATATTCCT 
12_9_sp2_1_12_20_12A         CACTATGTTCTTTCTATAGGAGCTGTTTTCGCAATTATAGGAGGATTAATCCACTGATTCCCTCTATTTACAGGAACTAGTATAAATCCTCTATGACTAAAAATTCAATTTACAATTATATTTTT 
12_9_sp2_2_12_20_12A         CACTATGTTCTTTCTATAGGAGCTGTTTTCGCAATTATAGGAGGATTAATCCACTGATTCCCTCTATTTACAGGAACTAGTATAAATCCTCTATGACTAAAAATTCAATTTACAATTATATTTTT 
12_9_sp2_1_12_20_12B         CACTATGTTCTTTCTATAGGGGCTGTTTTCGCAATTATAGGAGGGTTAATTCACTGATTTCCTCTATTTACAGGAACTAGTATAAATCCCCTATGATTAAAAATTCAATTTACAATTATATTTTT 
12_9_sp2_2_12_20_12B         CACTATGTTCTTTCTATAGGGGCTGTTTTCGCAATTATAGGAGGGTTAATTCACTGATTTCCTCTATTTACAGGAACTAGTATAAATCCCCTATGGTTAAAAATTCAATTTACAATTATATTTTT 
Seira_dowlingi               CATTATGTTTTATCTATAGGGGCTGTCTTTGCTATTATAGGAGGGCTCGTCCACTGATTCCCCCTATTCACTGGGTTAAGATTAAATCCCACTTGATTAAATGTGCAATTTTTCATAATATTTCT 
P_violenta                   CATTATGTTCTATCAATAGGAGCCGTATTTGCCATTATGGCGGGCTTCATCCATTGATTCCCTCTTCTCTCCGGTTGCAGCATAAACCCCCTTTGACTTAAAATACAATTCTTCATTATATTTTT 
                                                                                                                                                           
                                      1260      1270      1280      1290      1300      1310      1320      1330      1340      1350      1360      1370   
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_17_at_2_4_3_12            TGGTGTAAATATAACATTTTTTCCCCAACATTTTTTAGGTTTAAACGGAATACCCCGTCGTTATTCTGATTATCCTGACGCTTTTACTTCTTGAAATATTGTATCATCTATAGGAAGATACACCT 
11_17_at_3_2_17_12           TGGTGTAAATATAACATTTTTTCCCCAACATTTTTTAGGTTTAAACGGAATACCCCGTCGTTATTCTGATTATCCTGACGCTTTTACTTCTTGAAATATTGTATCATCTATAGGAAGATACACCT 
11_17_at_4_4_3_12            TGGTGTAAATATAACATTTTTTCCCCAACATTTTTTAGGTTTAAACGGAATACCCCGTCGTTATTCTGATTATCCTGACGCTTTTACTTCTTGAAATATTGTGTCATCTATAGGAAGATACACCT 
11_17_at_5_11_9_12           TGGTGTAAATATAACATTTTTTCCCCAACATTTTTTAGGTTTAAACGGAATACCCCGTCGTTATTCTGATTATCCTGACGCTTTTACTTCTTGAAATATTGTATCATCTATAGGAAGATACACCT 
11_17_at_6_4_3_12            TGGTGTAAATATAACATTTTTTCCCCAACATTTTTTAGGTTTAAACGGAATACCCCGTCGTTATTCTGATTATCCTGACGCTTTTACTTCTTGAAATATTGTGTCATCTATAGGAAGATACACCT 
11_60_as_1_4_3_12            AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_60_as_2_4_3_12            AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_82_as_1_4_3_12            AGGTGTAAATTTAACATTCTTCCCACAACATTTCTTAGGACTAAACGGAATACCTCGCCGGTACTCCGACTATCCGGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_82_as_2_4_3_12            AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_90_as_1_7_29_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_90_as_2_7_29_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_100_as_1_4_3_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_100_as_2_4_3_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_116_as_1_4_3_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCTTAGGACTAAACGGAATACCTCGCCGGTACTCCGACTATCCGGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_116_as_2_11_9_12          AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_157_as_2_4_3_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_157_as_3_4_3_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_160_as_1_4_3_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCTTAGGACTAAACGGAATACCTCGCCGGTACTCCGACTATCCGGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_160_as_2_4_3_12           AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
12_6_as_1_7_29_12            AGGTGTAAATTTAACATTCTTCCCACAACATTTCTTAGGACTAAACGGAATACCTCGCCGGTACTCCGACTATCCGGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
12_6_as_2_7_29_12            AGGTGTAAATTTAACATTCTTCCCACAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCTGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATAATT 
12_50_as_1_11_9_12           AGGTGTAAATTTAACATTCTTCCCTCAACATTTCCTAGGACTAAACGGAATACCTCGCCGGTACTCGGACTACCCAGATGCTTTTACATCATGAAACATTGTGTCTTCTATAGGAAGATATACTT 
11_33_li_1_1_18_12           AGGGGTTAATATAACATTTTTTCCCCAACATTTTTTAGGCTTAAACGGAATGCCACGACGATACTCTGACTACCCTGACGCTTTTACTTCATGAAACGTAATTTCATCTATAGGAAGATACACAT 
11_33_li_2_4_3_12            AGGGGTTAATATAACATTTTTTCCCCAACATTTTTTAGGCTTAAACGGAATGCCACGACGATACTCTGACTACCCTGACGCTTTTACTTCATGAAACGTAATTTCATCTATAGGAAGATACACGT 
11_33_li_3_4_3_12            AGGGGTTAATATAACATTTTTTCCCCAACATTTTTTAGGCTTAAACGGAATGCCACGACGATACTCTGACTACCCTGACGCTTTTACTTCATGAAACGTAATTTCATCTATAGGAAGATACACGT 
11_37_li_1_4_15_12           AGGTGTAAATATAACTTTTTTTCCTCAACATTTTTTAGGCTTAAACGGAATGCCCCGACGATACTCTGATTACCCTGATGCTTTTACTTCATGAAATGTAGTTTCATCTATAGGAAGATATACAT 
11_37_li_2_4_3_12            AGGTGTAAATATAACTTTTTTTCCCCATCATTTTTTAGGCTTAAACGGAATGCCCCGACGATACTCTGATTACCCTGATGCTTTTACTTCATGAAATGTAGTTTCATCTATAGGAAGATATACAT 
11_39_li_1_4_3_12            AGGGGTAAATATAACTTTTTTTCCTCAACATTTTTTAGGATTAAATGGAATACCCCGACGATATTCTGATTACCCAGATGCTTTTACTTCATGAAATGTAGTTTCATCTATAGGAAGATACACAT 
11_39_li_2_4_3_12            AGGGGTAAATATAACTTTTTTTCCTCAACATTTTTTAGGGTTAAATGGAATACCCCGACGATATTCTGATTACCCAGATGCTTTTACTTCATGAAATGTAGTTTCATCTATAGGAAGATACACAT 
11_39_li_3_11_9_12           AGGGGTAAATATAACTTTTTTTCCTCAACATTTTTTAGGATTAAATGGAATACCCCGACGATATTCTGATTACCCAGATGCTTTTACTTCATGAAATGTAGTTTCATCTATAGGAAGATACACAT 
11_41_li_1_11_9_12           AGGGGTAAATATAACTTTTTTTCCTCAACATTTTTTAGGTTTAAATGGAATACCCCGACGATATTCTGACTATCCAGATGCTTTTACTTCATGAAATGTAGTTTCATCTATAGGAAGATACACAT 
11_41_li_2_4_3_12            AGGGGTAAATATAACTTTTTTTCCCCAACACTTTTTAGGTTTAAACGGAATACCCCGACGATATTCTGACTATCCAGATGCTTTTACTTCATGAAATGTGATTTCATCTATAGGAAGATACACAT 
11_41_li_3_9_11_12           AGGGGTAAATATAACTTTTTTTCCTCAACATTTTTTAGGTTTAAATGGAATACCCCGACGATATTCTGACTATCCAGATGCTTTTACTTCATGAAATGTAGTTTCATCTATAGGAAGATACACAT 
11_BGA1_li_1_4_3_12          AGGAGTAAACATAACTTTTTTTCCTCAACACTTTTTAGGTTTAAACGGAATACCCCGACGATACTCTGATTATCCAGATGCTTTTACTTCATGAAATGTGGTTTCATCTATAGGAAGATACACAT 
11_BGA1_li_2_4_3_12          AGGAGTAAACATAACTTTTTTTCCTCAACACTTTTTAGGTTTAAACGGAATACCCCGACGATACTCTGATTATCCAGATGCTTTTACTTCATGAAATGTGGTTTCATCTATAGGAAGATACACAT 




                                      1260      1270      1280      1290      1300      1310      1320      1330      1340      1350      1360      1370   
                                      .         .         .         .         .         .         .         .         .         .         .         .      
11_JCIL1_qu_2_7_29_12        AGGTGTTAATTTAACGTTTTTTCCTCAGCATTTTTTAGGTTTAAACGGAATGCCCCGTCGGTACTCAGATTACCCTGATGCTTTTACCTCTTGAAACATTGTTTCATCAATAGGAAGATACACCT 
11_59a_qu_2_7_10_12          AGGTGTTAATTTAACATTTTTTCCTCAGCATTTTTTAGGTTTAAACGGTATACCCCGTCGGTATTCAGATTACCCTGATGCTTTTACCTCTTGAAACATTGTTTCATCAATAGGAAGATACACCT 
11_59a_qu_1_7_10_12          AGGTGTTAATTTAACATTTTTTCCTCAGCATTTTTTAGGTTTAAACGGTATACCCCGTCGGTATTCAGATTACCCTGATGCTTTTACCTCTTGAAACATTGTTTCATCAATAGGAAGATACACCT 
11_61_qu_1_7_10_12           AGGTGTTAATTTAACGTTTTTTCCTCAGCATTTTTTAGGTTTAAACGGTATACCCCGTCGGTATTCAGATTACCCAGATGCTTTTACCTCTTGAAACATTGTTTCATCAATAGGAAGATACACCT 
11_61_qu_2_7_10_12           AGGTGTTAATTTAACGTTTTTTCCTCAACATTTTTTAGGGTTAAACGGCATGCCTCGTCGGTACTCAGATTACCCGGATGCTTTTACCTCTTGAAACATTGTTTCATCGATAGGAAGCTACACCT 
11_105_qu_1_4_27_12          AGGTGTTAATTTAACATTTTTTCCTCAGCATTTTTTAGGTTTAAACGGCATGCCTCGTCGGTACTCAGATTACCCGGATGCTTTTACCTCTTGAAACATTGTTTCATCAATAGGAAGATACACCT 
11_105_qu_2_7_10_12          AGGCGTCAATTTAACATTCTTTCCCCAACATTTTTTAGGTTTAAACGGAATACCCCGTCGATACTCTGATTATCCAGATGCATTTACATCTTGAAATATTGTATCCTCGATAGGTAGATATACTT 
11_108_qu_1_7_10_12          AGGCGTTAATTTAACCTTTTTCCCTCAACATTTTTTAGGTTTAAATGGGATGCCCCGTCGATATTCTGATTACCCAGATGCGTTTACATCTTGAAATATTGTATCTTCAATGGGGAGATACACTT 
11_108_qu_2_7_10_12          AGGTGTCAATTTAACTTTTTTTCCTCAACATTTTTTAGGTCTAAACGGGATACCCCGCCGATACTCTGACTACCCGGATGCGTTTACATCTTGAAATATTGTATCTTCAATGGGAAGATACACTT 
12_2_qu_1_11_9_12            AGGCGTCAATTTAACCTTTTTCCCACAACATTTCTTAGGTTTAAATGGTATACCCCGTCGGTACTCTGACTACCCAGATGCATTTACATCTTGAAATATTGTATCCTCGATGGGTAGATACACTT 
12_2_qu_2_7_10_12            AGGCGTCAATTTAACCTTTTTCCCACAACATTTCTTAGGTTTAAATGGTATACCCCGTCGGTACTCTGACTACCCAGATGCATTTACATCTTGAAATATTGTATCCTCGATGGGTAGATACACTT 
12_FSA2_qu_1_11_9_12         AGGCGTTAACTTAACCTTTTTCCCCCAACATTTTTTAGGTTTAAATGGGATGCCCCGTCGATATTCTGATTACCCAGATGCGTTTACATCTTGAAATATTGTATCTTCAATGGGGAGATATACTT 
12_FSA2_qu_2_11_9_12         AGGCGTTAACTTAACCTTTTTCCCCCAACATTTTTTAGGTTTAAATGGGATGCCCCGTCGATATTCTGATTACCCAGATGCGTTTACATCTTGAAATATTGTATCTTCAATGGGGAGATATACTT 
11_74_cl_1_4_27_12           AGGAGTAAATCTAACATTTTTTCCTCAACATTTTCTAGGCCTAAACGGTATGCCGCGTCGTTACTCCGACTATCCAGACGCTTTTACATCCTGAAACATTGTTTCATCAATAGGAAGATACACAT 
11_74_cl_2_4_27_12           AGGAGTAAATCTAACATTTTTTCCTCAACATTTTCTAGGCCTAAACGGTATGCCGCGTCGTTACTCCGACTATCCAGACGCTTTTACATCCTGAAACATTGTTTCATCAATAGGAAGATACACAT 
11_100_cl_1_12_20_12         AGGTGTAAATCTAACATTTTTTCCTCAACATTTTCTAGGCCTAAACGGTATGCCGCGTCGTTACTCCGACTATCCAGACGCTTTTACATCCTGAAACATTGTTTCATCAATAGGAAGATACACAT 
11_100_cl_2_7_10_12          GGGAGTAAATTTAACATTTTTTCCTCAACATTTTCTGGGATTAAACGGTATACCACGCCGTTACTCCGATTATCCGGACGCTTTTACTTCATGAAATATTGTTTCATCAATAGGAAGATACACAT 
11_166_cl_1_4_27_12          GGGAGTAAATTTAACATTTTTTCCTCAACATTTTCTGGGATTAAACGGTATACCACGCCGTTACTCCGATTATCCAGACGCTTTTACTTCATGAAATATTGTTTCATCAATAGGAAGATACACAT 
11_166_cl_2_7_10_12          AGGAGTAAATTTAACATTTTTCCCTCAACATTTTCTGGGATTAAATGGTATACCACGCCGTTACTCCGATTATCCAGACGCTTTTACTTCATGAAATATTGTTTCATCAATAGGAAGATACACAT 
11_81_cl_1_7_29_12           AGGAGTAAATCTAACATTTTTTCCTCAACATTTTCTAGGCCTAAACGGTATGCCGCGTCGTTACTCCGACTATCCAGACGCTTTTACATCCTGAAACATTGTTTCATCAATAGGAAGATACACAT 
11_81_cl_2_7_29_12           AGGAGTAAATCTAACATTTTTTCCTCAACATTTTCTAGGCCTAAACGGTATGCCGCGTCGTTACTCCGACTATCCAGACGCTTTTACATCCTGAAACATTGTTTCATCAATAGGAAGATACACAT 
11_59_cl_1_7_29_12           AGGAGTAAATCTAACATTTTTTCCTCAACATTTTCTAGGCCTAAACGGTATGCCGCGTCGTTACTCCGACTATCCAGACGCTTTTACATCCTGAAACATTGTTTCATCAATAGGAAGATACACAT 
11_116_cl_1_7_29_12          AGGAGTAAATTTAACATTTTTCCCTCAACATTTTCTAGGATTAAATGGCATACCACGCCGTTACTCCGATTATCCAGACGCTTTTACTTCATGAAATATTGTCTCATCAATAGGAAGATACACAT 
11_142_cl_1_11_9_12          GGGAGTAAATTTAACATTTTTCCCTCAACATTTTCTGGGATTAAATGGTATACCACGCCGTTACTCCGATTATCCAGACGCTTTTACTTCATGAAATATTGTTTCATCAATAGGAAGTTATACAT 
11_32_in_1_7_29_12           TGGAGTAAACATAACATTTTTTCCTCAACACTTTTTAGGATTAAACGGAATACCTCGTCGATACTCAGATTATCCTGACGCTATAACCTCTTGAAATATTGTGTCATCAATAGGAAGTTATACAT 
12_50_in_1_11_9_12           TGGAGTAAACATAACATTTTTTCCTCAACACTTTTTAGGATTAAACGGAATACCTCGTCGATACTCAGATTATCCTGACGCTATAACCTCTTGAAATATTGTGTCATCAATAGGAAGTTATACAT 
12_50_in_2_11_9_12           TGGAGTAAACATAACATTTTTTCCTCAACACTTTTTAGGATTAAACGGAATACCTCGTCGATACTCAGATTATCCTGACGCTATAACCTCTTGAAATATTGTGTCATCAATAGGAAGTTATACAT 
J_SM86_mu_1_11_9_12          TGGTGTAAATATAACATTTTTTCCCCAACATTTTTTAGGTTTAAATGGTATACCCCGACGGTATTCAGATTATCCTGATGCCTTTACTTCTTGAAACATTGTATCATCTATAGGAAGTTACACAT 
J_SM86_mu_2_11_9_12          TGGTGTAAATATAACATTTTTTCCCCAACATTTTTTAGGTTTAAATGGTATACCCCGACGGTATTCAGATTATCCTGATGCCTTTACTTCTTGAAACATTGTATCATCTATAGGAAGTTACACAT 
12_2_yt_1_7_29_12            AGGTGTAAATATAACCTTTTTTCCTCAACACTTTTTAGGATTAAATGGAATACCTCGACGTTACTCTGATTATCCAGATGCCTTTACTTCATGAAATGTGGTATCATCTATAGGAAGCTATACAT 
12_FSA1_yt_1_11_9_12         AGGGGTAAATATAACATTTTTTCCTCAACACTTTTTAGGTTTAAACGGAATACCTCGACGTTACTCTGATTACCCAGATGCTTTTACTTCATGAAATGTGGTTTCATCTATAGGAAGTTACACTT 
12_FSA1_yt_2_11_9_12         AGGGGTAAATATAACATTTTTTCCTCAACACTTTTTAGGTTTAAACGGAATACCTCGACGTTACTCTGATTACCCAGATGCTTTTACTTCATGAAATGTGGTTTCATCTATAGGAAGTTACACTT 
11_21_Ent_1_7_29_12          TGGTGTCAACATAACTTTTTTCCCTCAACACTTTTTGGGTTTAAATGGAATGCCCCGCCGATATTCAGATTACCCTGACGCTTTCACCTCATGAAATGTTGTTTCATCCATAGGAAGCTACACTT 
11_52_Wbu_1_7_29_12          AGGGGTTAATTTAACATTCTTTCCACAACATTTTTTAGGACTTAACGGCATACCTCGCCGGTATTCAGATTATCCTGACGCTTTTACATCTTGAAATGTTGTATCATCAATAGGAAGTTACACAT 
11_135_Wsp_1_7_29_12         AGGGGTAAACCTAACTTTTTTTCCCCAACACTTCCTAGGACTAAACGGAATGCCCCGTCGTTACTCAGACTACCCCGATGCGTTTACTTCATGAAATGTGGTATCATCAATAGGAAGATACACAT 
11_50_ni_1_11_9_12           TGGAGTAAATATAACATTTTTTCCCCAACATTTCTTAGGTTTAAACGGAATACCTCGTCGCTACTCAGATTACCCTGACGCAATAACTTCTTGAAATATTGTTTCTTCTATAGGAAGATACACTT 
12_FSVTlam_ni_1_12_20_12_B   TGGAGTAAATATAACATTTTTTCCTCAACATTTTTTAGGTTTAAATGGAATGCCTCGCCGATATTCAGATTATCCTGATGCAATAACTTCTTGAAATATTATATCTTCTATAGGAAGATATACAT 
11_CDhend_bi_1_11_9_12       AGGTGTTAATTTAACCTTTTTCCCTCAACATTTCTTAGGTCTAAACGGCATACCCCGTCGCTACTCTGATTACCCAGACGCATTTACCTCTTGAAACATCGTCTCATCTATAGGAAGATACACCT 
11_CDhend_bi_2_11_9_12       AGGTGTTAATTTAACCTTTTTCCCTCAACATTTCTTAGGTCTAAACGGCATACCCCGTCGCTACTCTGATTACCCAGACGCATTTACCTCTTGAAACATCGTCTCATCTATAGGAAGATACACCT 
11_CDhend_ye_1_11_9_12       AGGTGTTAATTTAACCTTTTTCCCTCAACATTTCTTAGGTCTAAACGGCATACCCCGTCGCTACTCTGATTACCCAGACGCATTTACCTCTTGAAACATCGTCTCATCTATAGGAAGATACACCT 
11_149_Hso_1_7_29_12         AGGTGTAAATTTAACATTTTTTCCTCAACATTTTTTAGGTTTAAACGGAATACCTCGCCGTTATTCTGATTACCCAGACGCTTTTACTTCATGAAATGTTGTCTCATCTATAGGAAGATACACTT 
12_19_Hsa_1_9_27_12          AGGTGTTAATTTAACCTTTTTTCCTCAACATTTTTTAGGACTAAACGGTATACCTCGACGGTATTCTGACTACCCAGATGCCTTTTCTTCATGAAATGTTATTTCCTCTATAGGAAGATACACTT 
11_159_Wni_1_9_27_12         AGGGGTAAACTTAACCTTCTTTCCCCAACATTTCTTAGGATTAAACGGCATGCCCCGTCGTTACTCCGATTACCCAGACGCATTTACTTCTTGAAATGTTGTTTCTTCAATAGGAAGATACACAT 
11_134_as_2_11_9_12          AGGTGTAAACTTAACTTTCTTCCCTCAACACTTTCTAGGGTTAAACGGGATACCACGACGTTATTCAGATTACCCAGATGCTTTTACTTCATGAAACATTGTCTCATCCATAGGAAGATACACAT 
11_134_as_3_12_20_12         AGGTGTAAACTTAACTTTCTTCCCTCAACACTTTCTAGGGTTAAACGGGATACCACGACGTTATTCAGATTACCCAGATGCTTTTACTTCATGAAACATTGTCTCATCCATAGGAAGATACACAT 
12_9_sp2_1_12_20_12A         AGGAGTAAACTTAACATTTTTTCCTCAGCACTTCCTGGGATTAAACGGTATGCCTCGTCGTTACTCTGATTACCCAGACGCTTTTACATCATGAAACATTGTATCTTCAATAGGAAGATACACAT 
12_9_sp2_2_12_20_12A         AGGAGTAAACTTAACATTTTTTCCTCAGCACTTCCTGGGATTAAACGGTATGCCTCGTCGTTACTCTGATTACCCAGACGCTTTTACATCATGAAACATTGTATCTTCAATAGGAAGATACACAT 
12_9_sp2_1_12_20_12B         AGGCGTAAATCTAACATTTTTTCCTCAGCATTTTCTGGGATTAAATGGTATACCTCGTCGTTACTCTGACTACCCAGACGCTTTTACATCATGAAATATTGTATCTTCAATAGGAAGATACACAT 
12_9_sp2_2_12_20_12B         AGGCGTAAATCTAACATTTTTTCCTCAGCATTTTCTGGGATTAAATGGTATACCTCGTCGTTACTCTGACTACCCAGACGCTTTTACATCATGAAATATTGTGTCTTCAATAGGAAGATACACAT 
Seira_dowlingi               AGGGGTTAATCTAACTTTTTTCCCCCAACACTTTTTAGGACTCAACGGCATGCCGCGTCGATACTCGGACTACCCAGACGCTTTCACCTCTTGAAATGTCGTGTCAAGTATAGGAAGTTATACTT 
P_violenta                   AGGGGTTAATTTAACATTCTTCCCTCAACACTTCCTAGGGTTGAACGGTATACCACGACGATACTCTGACTACCCAGATGCTTTCACTTTATGAAACGTTGTCTCTTCTATAGGAAGTTATTCCT 
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11_17_at_2_4_3_12            CAGTAGTAGGAATTTTAATATTTAGTTTTATCATTTGAGAAGCTTTAAGAACAAATCGACCAGTAGTGTATAATTACATTCAACCATCTTATATTGAATGATTTCAAAATAACCCCCCTTCTGAA 
11_17_at_3_2_17_12           CAGTAGTAGGAATTTTAATATTTAGTTTTATCATTTGAGAAGCTTTAAGAACAAATCGACCAGTAGTGTATAATTACATTCAACCATCTTATATTGAGTGATTTCAAAATAACCCCCCTTCTGAA 
11_17_at_4_4_3_12            CAGTAGTAGGAATTTTAATATTTAGTTTTATCATTTGAGAAGCTTTAAGAACAAATCGACCAGTAGTGTATAATTACATTCAACCATCTTATATTGAATGATTTCAAAATAACCCCCCTTCTGAA 
11_17_at_5_11_9_12           CAGTAGTAGGAATTTTAATATTTAGTTTTATCATTTGAGAAGCTTTAAGAACAAATCGACCAGTAGTGTATAATTACATTCAACCATCTTATATTGAATGATTTCAAAATAACCCCCCTTCTGAA 
11_17_at_6_4_3_12            CAGTAGTAGGAATTTTAATATTTAGTTTTATCATTTGAGAAGCTTTAAGAACAAATCGACCAGTAGTGTATAATTACATTCAACCATCTTATATTGAATGATTTCAAAATAACCCCCCTTCTGAA 
11_60_as_1_4_3_12            CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGGCTATAACATCAAACCGGCCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
11_60_as_2_4_3_12            CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAATGGCTTCAAGCCAACCCGCCTTCAGAA 
11_82_as_1_4_3_12            CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTAATATCTAATTTTATTAATTCCTCTTACATTGAATGACTTCAAGCCAACCCGCCTTCAGAA 
11_82_as_2_4_3_12            CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGACTATAACATCAAACCGGCCTGTGGTATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
11_90_as_1_7_29_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGGCTATAACATCAAACCGACCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
11_90_as_2_7_29_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGGCTATAACATCAAACCGGCCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
11_100_as_1_4_3_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAATGGCTTCAAGCCAACCCGCCTTCAGAA 
11_100_as_2_4_3_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAATGGCTTCAAGCCAACCCGCCTTCAGAA 
11_116_as_1_4_3_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTAATATCTAATTTTATTAATTCCTCTTACATTGAATGACTTCAAGCCAACCCGCCTTCAGAA 
11_116_as_2_11_9_12          CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGGCTATAACATCAAACCGGCCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
11_157_as_2_4_3_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAATGGCTTCAAGCCAACCCGCCTTCAGAA 
11_157_as_3_4_3_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGGCTATAACATCAAACCGGCCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
11_160_as_1_4_3_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTAATATCTAATTTTATTAATTCCTCTTACATTGAATGACTTCAAGCCAACCCGCCTTCAGAA 
11_160_as_2_4_3_12           CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGGCTATAACATCAAACCGGCCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
12_6_as_1_7_29_12            CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTAATATCTAATTTTATTAATTCCTCTTACATTGAATGACTTCAAGCCAACCCGCCTTCAGAA 
12_6_as_2_7_29_12            CAGTTATTGCAATTTTAATTTTCGCCTATATTATCTGAGAGGCTATGACATCAAACCGGCCTGTGATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
12_50_as_1_11_9_12           CAGTTATTGCAATTATAATTTTCGCCTATATTATCTGAGAAGCTATAACATCAAACCGACCTGTAATATCTAATTTTATTAATTCCTCTTACATTGAGTGACTTCAAGCCAACCCGCCTTCAGAA 
11_33_li_1_1_18_12           CAGTAATTGCTATTTTACTATTTGCTTTTATTATTTGAGACTCTATAAGTACTAATCGCCCGGTAATTAATAATTTTATTCAAGCTTCATATATTGAGTGATTTCAAAATAATCCTCCTTCTGAA 
11_33_li_2_4_3_12            CAGTAATTGCTATTTTACTTTTTGCTTTTATTATTTGAGACTCTATAAGTACTAATCGCCCAGTAATTAATAATTTTATTCAAGCTTCATATATTGAGTGATTTCAAAATAATCCTCCTTCTGAA 
11_33_li_3_4_3_12            CAGTAATTGCTATTTTACTTTTTGCTTTTATTATTTGAGACTCTATAAGTACTAATCGCCCAGTAATTAATAATTTTATTCAAGCTTCATATATTGAGTGATTTCAAAATAATCCTCCTTCTGAA 
11_37_li_1_4_15_12           CTGTTATTGCTATTTTAATATTTGCTTTTATTATTTGAGATTCAATAAGAACTAATCGTCCAGTTATAAATAACTTTATTCAAGCTTCTTATATTGAATGATTCCAAAACAACCCTCCTTCTGAA 
11_37_li_2_4_3_12            CTGTTATTGCTATTTTAATGCTTGCTTTTATCATTTGAGATTCAATAAGAACTAATCGTCCAGTTATAAATAACTTTATTCAAGCTTCTTATATTGAATGATTCCAAAACAACCCTCCTTCTGAA 
11_39_li_1_4_3_12            CAGTTATTGCTATTTTAATATTTGCTTTTATCATTTGAGACTCTATGAGAACTAGTCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGGTTTCAAAACAACCCTCCTTCTGAA 
11_39_li_2_4_3_12            CAGTTATTGCTATTTTAATATTTGCTTTTATCATTTGAGACTCTATGAGAACTAGTCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGGTTTCAAAACAACCCTCCTTCTGAA 
11_39_li_3_11_9_12           CAGTTATTGCTATTTTAATATTTGCTTTTATCATTTGAGACTCTATGAGAACTAGTCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGGTTTCAAAACAACCCTCCTTCTGAA 
11_41_li_1_11_9_12           CAGTTATTGCTATTTTAATATTTGCTTTTATCATTTGGGACTCTATAAGAACTAGCCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGATTCCAAAACAACCCTCCTTCTGAA 
11_41_li_2_4_3_12            CCGTTATTGCTATTCTAATGTTTACTTTTATCATTTGAGACTCTATGAGAACTAGTCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGATTTCAAAACAATCCTCCTTCTGAA 
11_41_li_3_9_11_12           CAGTTATTGCTATTTTAATATTTGCTTTTATCATTTGGGACTCTATAAGAACTAGCCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGATTCCAAAACAACCCTCCTTCTGAA 
11_BGA1_li_1_4_3_12          CCGTTATTGCTATTCTAATATTTGCTTTTATCATTTGAGACTCTATGAGAACTAGTCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGGTTTCAAAACAACCCTCCTTCTGAA 
11_BGA1_li_2_4_3_12          CCGTTATTGCTATTCTAATATTTGCTTTTATCATTTGAGACTCTATGAGAACTAGTCGCCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGATTTCAAAACAACCCTCCTTCTGAA 
11_JCIL1_qu_1_4_27_12        CAGTCATCGCTATTCTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGACCTGTAGTAAATAATGCTATCCAAGCAACTTTTATTGAATGATTTCAAAACAACCCTCCATCTGAG 
11_JCIL1_qu_2_7_29_12        CAGTCATCGCTATTCTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGACCTGTAGTAAATAATGCTATCCAAGCAACTTTTATTGAATGATTTCAAAACAACCCTCCATCTGAG 
11_59a_qu_2_7_10_12          CAGTCGTCGCTATTCTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGGCCTGTAATAAATAATGCTATCCAAGCAACTTTCATTGAATGATTTCAAAACAACCCTCCTTCTGAA 
11_59a_qu_1_7_10_12          CAGTCGTCGCTATTCTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGGCCTGTAATAAATAATGCTATCCAAGCAACTTTCATTGAATGATTTCAAAACAACCCTCCTTCTGAA 
11_61_qu_1_7_10_12           CAGTCATCGCTATTCTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGGCCTGTAGTAAATAATGCTATCCAAGCAACTTTCATTGAATGATTTCAAAACAACCCTCCTTCTGAA 
11_61_qu_2_7_10_12           CAGTCATCGCTATCCTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAGCTAATCGCCCTGTAATAAATAATGCCATCCAAGCAACTTTTATTGAATGATTTCAAAACAACCCCCCATCTGAG 
11_105_qu_1_4_27_12          CAGTCATCGCTATTCTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGACCTGTAATAAATAATGCTATCCAAGCAACTTTTATTGAATGATTTCAAAACAACCCTCCATCTGAG 
11_105_qu_2_7_10_12          CAGTAATTGCAATTCTAATTTTTTCGTTTATTATATGGGAATCTATGAGAACTGCTCGCCCTGTGATTAACAACACTATCCAAGCAACATTCATTGAATGACTCCAAAATAACCCCCCCTCTGAA 
11_108_qu_1_7_10_12          CAGTAATTGCAATCCTAATTTTTTCATTTATTATATGAGAATCTATAAGAACTGCCCGCCCTGTGATTAATAACTCTATTCAAGCAACATTTATTGAATGGTTTCAAAATAATCCTCCTTCTGAA 
11_108_qu_2_7_10_12          CAGTAATTGCGATTCTAATTTTCTCATTTATCATATGAGAATCTATAAGAACTGCCCGCCCTGTGATTAATAACTCTATTCAAGCTACATTTATTGAATGGTTTCAAAATAATCCTCCTTCTGAA 
12_2_qu_1_11_9_12            CAGTAATTGCAATTCTAATTTTTTCATTTATTATATGAGAATCTATAAGAACTGCTCGCCCTGTAGTTAATAATTCTATTCAAGCAACATTTATTGAATGATTTCAAAGTAACCCCCCTTCTGAG 
12_2_qu_2_7_10_12            CAGTAATTGCAATTCTAATTTTTTCATTTATTATATGAGAATCTATAAGAACTGCTCGCCCTGTAGTTAATAATTCTATTCAAGCAACATTTATTGAATGATTTCAAAGTAACCCCCCTTCTGAG 
12_FSA2_qu_1_11_9_12         CAGTAATTGCAATCCTAATTTTCTCATTTATTATATGAGAATCTATAAGAACTGCTCGCCCTGTGATTAATAACTCTATTCAAGCAACATTTATTGAATGGTTTCAAAATAATCCTCCTTCTGAA 
12_FSA2_qu_2_11_9_12         CAGTAATTGCAATCCTAATTTTCTCATTTATTATATGAGAATCTATAAGAACTGCTCGCCCTGTGATTAATAACTCTATTCAAGCAACATTTATTGAATGGTTTCAAAATAATCCTCCTTCTGAA 
11_74_cl_1_4_27_12           CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACGTCAAACCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTCCAAAACTCACCTCCTTCTGAA 
11_74_cl_2_4_27_12           CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACGTCAAACCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTCCAAAACTCACCTCCTTCTGAA 
11_100_cl_1_12_20_12         CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACATCAAACCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTTCAAAACTCACCTCCTTCTGAA 
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11_166_cl_1_4_27_12          CTGTTGTAGCTATTATAATTTTTGCCTATATTATTTGAGAAGCTAAAACATCAAACCGTGTAATTTCAATAAATTACATTCAACCATCTTATATTGAATGATTTCAAAATTCACCTCCTTCTGAA 
11_166_cl_2_7_10_12          CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACATCAAGCCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTCCAAAATTCACCTCCTTCTGAA 
11_81_cl_1_7_29_12           CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACGTCAAACCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTCCAAAACTCACCTCCTTCTGAA 
11_81_cl_2_7_29_12           CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACGTCAAACCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTACAAAACTCACCTCCTTCTGAA 
11_59_cl_1_7_29_12           CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACGTCAAACCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTCCAAAACTCACCTCCTTCTGAA 
11_116_cl_1_7_29_12          CTGTTGTAGCTATTATAATTTTTGCCTATATTATCTGAGAAGCTAAAACATCAAACCGTGTAATTTCAATAAATTATATTCAACCATCTTATATTGAATGATTTCAAAATTCACCTCCTTCTGAA 
11_142_cl_1_11_9_12          CTGTTGTAGCTATTGTAATTTTTGCCTATATTATTTGAGAAGCTAAAACATCAAACCGTGTAATTTCAATAAATTACATTCAACCATCTTATATTGAATGATTTCAAAATTCACCCCCTTCTGAA 
11_32_in_1_7_29_12           CTGTTGTCGGAATTCTAATATTTAGCTTTATTATCTGAGAAGCTTTAAGAACGAACCGACCCGTAGTTTATAATTACATCCAACCTTCTTACATCGAATGATTTCAAAATAGCCCTCCTTCTGAA 
12_50_in_1_11_9_12           CTGTTGTCGGAATTCTAATATTTAGCTTTATTATCTGAGAAGCTTTAAGAACGAACCGACCCGTAGTTTATAATTACATCCAACCTTCTTACATCGAATGATTTCAAAATAGCCCTCCTTCTGAA 
12_50_in_2_11_9_12           CTGTTGTCGGAATTCTAATATTTAGCTTTATTATCTGAGAAGCTTTAAGAACGAACCGACCCGTAGTTTATAATTACATCCAACCTTCTTACATCGAATGATTTCAAAATAGCCCTCCTTCTGAA 
J_SM86_mu_1_11_9_12          CAGTAGTGGGAATTTTAATATTTAGCTTTATTATTTGAGAAGCCTTAAGAACTAATCGACCCGTAGTTTATAATTACATCCAACCTTCATATATTGAATGATTCCAAAACAACCCTCCGTCAGAA 
J_SM86_mu_2_11_9_12          CAGTAGTGGGAATTTTAATATTTAGCTTTATTATTTGAGAAGCCTTAAGAACTAATCGACCCGTAGTTTATAATTACATCCAACCTTCATATATTGAATGATTCCAAAACAACCCTCCGTCAGAA 
12_2_yt_1_7_29_12            CCGTTATTGCTATTTTAATATTTGCTTTCATTATCTGGGATTCTATAAGAACTAACCGACCAGTAATAAATAATTTTATTCAAGCATCTTATATTGAATGGTTCCAAAACAACCCTCCTTCTGAA 
12_FSA1_yt_1_11_9_12         CCGTTATTGCTATTTTAATATTTGCTTTTATTATTTGAGACTCTATAAGAACTAACCGGCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGATTCCAAAACAACCCTCCTTCTGAA 
12_FSA1_yt_2_11_9_12         CCGTTATTGCTATTTTAATATTTGCTTTTATTATTTGAGACTCTATAAGAACTAATCGGCCAGTTATAAATAATTTTATTCAAGCCTCTTATATTGAATGATTCCAAAACAACCCTCCTTCTGAA 
11_21_Ent_1_7_29_12          CAGTTGTAGCAATTTTAATATTTGCCTACATTATTTGAGAAGCAATAAGATCTAACCGACCTGTTGTTCATAACTACATCCAACCATCATATATTGAATGACTTCAAAATAACCCTCCCTCTGAA 
11_52_Wbu_1_7_29_12          CCGTAGTAGCTATTCTTATGTTTGCATTTATTATTTGAGAAGCAATAAGCACCAATCGCCCAGTAATTAACAATTTAATTCAACCCTCTTATATTGAATGATTCCAAAATACCCCACCTTCAGAA 
11_135_Wsp_1_7_29_12         CAGTAATTGCAATCTTAATATTTGCGTATATCATCTGAGAAGCCATGAGATCTAATCGAACAGTAGTGTATAATTATATTCAACCATCATACATCGAGTGGCTTCAAAATAACCCCCCTTCAGAA 
11_50_ni_1_11_9_12           CTGTGGTAGGAATTTTAATATTTAGTTTCATTATTTGAGAAGCTTTAAGTACAAACCGCCCAGTTGTTTATAATTACATTCAACCTTCTTATATCGAATGATTTCAAAATAGACCACCTTCTGAA 
12_FSVTlam_ni_1_12_20_12_B   CACTAGTAGGGATTTTAATATTTAGTTTCATTATTTGAGAAGCTTTAAGTACAAATCGACCGATTGCTTACAATTACATTCAATCTTCTTATATTGAGTGGTTTCAAAATAACCCACCTTCGGAA 
11_CDhend_bi_1_11_9_12       CTGTAATTGCCATTTTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGACCAGTAATTAACAACTCTATTCAAGCCACTTTCATTGAATGATTTCAAAACAACCCTCCATCCGAG 
11_CDhend_bi_2_11_9_12       CTGTAATTGCCATTTTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGACCAGTAATTAACAACTCTATTCAAGCCACTTTCATTGAATGATTTCAAAACAACCCTCCATCCGAG 
11_CDhend_ye_1_11_9_12       CTGTAATTGCCATTTTAATTTTTTCATTCATTATATGAGAGTCTCTAAGAACTAACCGACCAGTAATTAACAACTCTATTCAAGCCACTTTCATTGAATGATTTCAAAACAACCCTCCATCCGAG 
11_149_Hso_1_7_29_12         CAGTAGTAGCTATTTTATTTTTTGCTTTTATTATCTGAGAGTCAATAACTTCTAATCGTCCTGTGGTTTATTCCTTTATCCAACCTTCATTTATTGAATGAATTCAAAATAATCCTCCTTCTGAA 
12_19_Hsa_1_9_27_12          CCGTAATAGCAATTTTAATGTTTGCATTCATTATCTGAGAATCAATATCATCTAACCGCCCTGTTATTCACTCATTTATTCAACCCTCATTTATTGAATGAATTCAAAACAATCCTCCTTCTGAG 
11_159_Wni_1_9_27_12         CAGTCGTAGCTATTCTAATATTTGCCTTTATTATTTGAGATGCTTTAAGAACTAACCGCCCAGTAGTTAACAATCTAATTCAACCCTCTTATATTGAATGATTTCAAAACACACCCCCTTCTGAA 
11_134_as_2_11_9_12          CTGTTATTGCAATCTTATTGTTTGCGTATATCATCTGAGAAGCCATAACTTCTAACCGGCCAGTAGTCTCTAATTTGATTAATTCTTCTTATATCGAATGACTTCAAGCCAACCCTCCTTCGGAG 
11_134_as_3_12_20_12         CTGTTATTGCAATCTTATTGTTTGCGTATATCATCTGAGAAGCCATAACTTCTAACCGGCCAGTAGTCTCTAATTTGATTAATTCTTCTTATATCGAATGACTTCAAGCTAACCCTCCTTCGGAG 
12_9_sp2_1_12_20_12A         CTGTTGTAGCCATCCTAGTATTTGCCTACATTATTTGAGAAGCTAAAACTTCTAACCGTGTTGTAGCCATAAACTATATCCAGCCATCGTATATTGAATGATTCCAAAATTCTCCCCCTTCAGAA 
12_9_sp2_2_12_20_12A         CTGTTGTAGCCATCCTAGTATTTGCCTACATTATTTGAGAAGCTAAAACTTCTAACCGTGTTGTAGCCATAAACTATATCCAGCCATCGTATATTGAATGATTCCAAAATTCTCCCCCTTCAGAA 
12_9_sp2_1_12_20_12B         CTGTTGTAGCAATCTTAGTATTTGCTTACATTATTTGAGAAGCTAAAACTTCTAACCGTGTAGTAGCCATAAACTATATTCAACCATCATATATTGAATGATTCCAAAATTCTCCCCCTTCAGAA 
12_9_sp2_2_12_20_12B         CTGTTATAGCAATCTTAGTATTTGCTTACATTATTTGAGGAGCTAAAACTTCTAACCGTGTAGTAGCCATAAACTATATTCAACCATCATATATTGAATGATTCCAAAATTCTCCCCCTTCGGAA 
Seira_dowlingi               CAGCCATTGCCATTTTTATATTTAGTTACATTATTTGAGAAGCTTTTTCAACTAACCGTGTCGCTAATTATCCTCTAACCCAACCTTCCTATATTGAGTGACTTCAAAATACACCTCCTTCCGAA 
P_violenta                   CGGTAGTAGCCATCATTATATTCATTTTTATTTTATGAGAGTCAATATCAACCAGCCGAACCTCAGTAGACTCTTCTATCCAAACATCATTCATTGAATGATCCCATAACTACCCGCCCTCTGAC 
 
                                      1510      1520      1530       
                                      .         .         .          
11_17_at_2_4_3_12            CATTCTTACAGTGAATTAACTTTAATTTACAACTTCTAA 
11_17_at_3_2_17_12           CATTCTTACAGTGAATTAACTTTAATTTACAACTTCTAA 
11_17_at_4_4_3_12            CATTCTTACAGTGAATTAACTTTAATTTACAACTTCTAA 
11_17_at_5_11_9_12           CATTCTTACAGTGAATTAACTTTAATTTACAACTTCTAA 
11_17_at_6_4_3_12            CATTCTTACAGTGAATTAACTTTAATTTACAACTTCTAA 
11_60_as_1_4_3_12            CACTCATACAAAGAGCTTACATTAATTTATAATTTCTAA 
11_60_as_2_4_3_12            CACTCATACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_82_as_1_4_3_12            CACTCCTACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_82_as_2_4_3_12            CACTCATACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_90_as_1_7_29_12           CACTCATACAAAGAGCTTACATTAATCTATAATTTCTAA 
11_90_as_2_7_29_12           CACTCATACAAAGAGCTTACATTAATTTATAATTTCTAA 
11_100_as_1_4_3_12           CACTCATACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_100_as_2_4_3_12           CACTCATACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_116_as_1_4_3_12           CACTCCTACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_116_as_2_11_9_12          CACTCATACAGAGAGCTTACATTAATTTATAATTTCTAA 




                                      1510      1520      1530       
                                      .         .         .          
11_157_as_3_4_3_12           CACTCATACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_160_as_1_4_3_12           CACTCCTACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_160_as_2_4_3_12           CACTCATACAAAGAGCTTACATTAATTTATAATTTCTAA 
12_6_as_1_7_29_12            CACTCCTACAGAGAGCTTACATTAATTTATAATTTCTAA 
12_6_as_2_7_29_12            CACTCATACAGAGAGCTTACATTAATTTATAATTTCTAA 
12_50_as_1_11_9_12           CACTCTTACAGAGAGCTTACATTAATTTATAATTTCTAA 
11_33_li_1_1_18_12           CATTCTTACAGAGAGCTAACCCTTATTTATAaTTTCTAA 
11_33_li_2_4_3_12            CATTCTTACAGAGAGCTAACCCTTATTTATAATTTCTAA 
11_33_li_3_4_3_12            CATTCTTACAGAGAGCTAACCCTTATTTATAATTTCTAA 
11_37_li_1_4_15_12           CATTCCTACAGAGAGCTAACTTTTATTTATAGATTCTAA 
11_37_li_2_4_3_12            CATTCCTACAGAGAGCTAACTCTTATTTATAGATTCTAA 
11_39_li_1_4_3_12            CATTCCTACAGAGAACTAACTCTTATTTATAgaTTCTAA 
11_39_li_2_4_3_12            CATTCCTACAGAGAACTAACTCTTATTTATAGATTCTAA 
11_39_li_3_11_9_12           CATTCCTACAGAGAACTAACTCTTATTTATAgaTTCTAA 
11_41_li_1_11_9_12           CACTCCTACAGAGAACTAACTCTTATTTATAgaTTCTAA 
11_41_li_2_4_3_12            CACTCCTACAGAGAACTAACTCTTATTTATAGATTCTAA 
11_41_li_3_9_11_12           CACTCCTACAGAGAACTAACTCTTATTTATAgaTTCTAA 
11_BGA1_li_1_4_3_12          CACTCCTACAGAGAACTAACGCTTATTTATAGATTCTAA 
11_BGA1_li_2_4_3_12          CACTCCTACAGAGAACTAACGCTTATTTATAGATTCTAA 
11_JCIL1_qu_1_4_27_12        CACTCCTATAGAGAATTAACATTAATCTATAACTTCTAA 
11_JCIL1_qu_2_7_29_12        CACTCCTATAGAGAATTAACATTAATCTATAATTTCTAA 
11_59a_qu_2_7_10_12          CACTCCTATAGAGAGTTAACATTAATCTATAACTTCTAA 
11_59a_qu_1_7_10_12          CACTCCTATAGAGAGGTAACATTAATCTATAACTTCTAA 
11_61_qu_1_7_10_12           CACTCCTATAGAGAGTTAACATTAATCTATAACTTCTAA 
11_61_qu_2_7_10_12           CACTCCTATAGAGAGTTAACATTAATCTATAACTTCTAA 
11_105_qu_1_4_27_12          CACTCCTATAGAGAGTTAACATTAATCTATAACTTCTAA 
11_105_qu_2_7_10_12          CATTCATACAGAGAACTAACTTTAATTTATAATTTTTAA 
11_108_qu_1_7_10_12          CACTCATATAGAGAATTAACTTTAATTTATAATTTCTAA 
11_108_qu_2_7_10_12          CACTCATATAGAGAATTAACTTTAATTTATAATTTCTAA 
12_2_qu_1_11_9_12            CACTCATACAAAGAACTAACTTTAATTTATAGTTTCTAA 
12_2_qu_2_7_10_12            CACTCATACAAAGAACTAACTTTAATTTATAGTTTCTAA 
12_FSA2_qu_1_11_9_12         CACTCATATAGAGAATTAACTTTAATTTATAATTTCTAA 
12_FSA2_qu_2_11_9_12         CACTCATATAGAGAATTAACTTTAATTTATAATTTCTAA 
11_74_cl_1_4_27_12           CACTCTTACAGAGAACTAACTTTAATCTATAAGTTCTAA 
11_74_cl_2_4_27_12           CACTCTTACAGAGAACTAACTTTAATCTATAAGTTCTAA 
11_100_cl_1_12_20_12         CACTCTTACAGAGAACTAACTTTAATCTATAAGTTCTAA 
11_100_cl_2_7_10_12          CACTCTTACAGAGAACTAACTTTAATCTATAATTTCTAA 
11_166_cl_1_4_27_12          CACTCTTACAGAGAACTAACTTTAATCTATAAGTTCTAA 
11_166_cl_2_7_10_12          CACTCTTACAAAGAACTAACTTTAATCTATAATTTCTAA 
11_81_cl_1_7_29_12           CACTCTTACAGAGAACTAACTTTAATCTATAATTTCTAA 
11_81_cl_2_7_29_12           CACTCTTACAGAGAACTAACTTTAATCTATAATTTCTAA 
11_59_cl_1_7_29_12           CACTCTTACAGAGAACTAACTTTAATCTATAATTTCTAA 
11_116_cl_1_7_29_12          CACTCTTACAGAGAACTAACTTTAATCTATAATTTCTAA 
11_142_cl_1_11_9_12          CACTCTTACAGAGAACTAACTTTAATCTATAATTTCTAA 
11_32_in_1_7_29_12           CACTCTTATAGTGAATTAACATTGATCTATAATTTCTAA 
12_50_in_1_11_9_12           CACTCTTATAGTGAATTAACATTGATCTATAATTTCTAA 
12_50_in_2_11_9_12           CACTCTTATAGTGAATTAACATTGATCTATAATTTCTAA 
J_SM86_mu_1_11_9_12          CACTCTTACAGAGAGGTAACTTTAATTTACAACTTCTAA 
J_SM86_mu_2_11_9_12          CACTCTTACAGAGAGTTAACTTTAATTTACAACTTCTAA 
12_2_yt_1_7_29_12            CACTCTTACAGAGAATTAACTCTTATTTATAATTTCTAA 
12_FSA1_yt_1_11_9_12         CACTCTTATAGAGAACTAACTCTTATTTATAATTTCTAA 
12_FSA1_yt_2_11_9_12         CACTCTTATAGAGAACTAACTCTTATTTATAATTTCTAA 




                                      1510      1520      1530       
                                      .         .         .          
11_52_Wbu_1_7_29_12          CACTCTTACAGAGAACTTACACTAATCTATAATTTCTAA 
11_135_Wsp_1_7_29_12         CATTCATATAACGAACTTTCTTTAATTTATAATTTCTAA 
11_50_ni_1_11_9_12           CACTCTTATAGTGAATTAACATTGATTTATAATTTCTAA 
12_FSVTlam_ni_1_12_20_12_B   CATTCTTATAGTGAGCTAACAGTAATTTATAATTTCTAA 
11_CDhend_bi_1_11_9_12       CATTCTTATAGAGAACTAACTTTAATCTATAATTTCTAA 
11_CDhend_bi_2_11_9_12       CATTCTTATAGAGAACTAACTTTAATCTATAATTTCTAA 
11_CDhend_ye_1_11_9_12       CATTCTTATAGAGAACTAACTTTAATCTATAATTTCTAA 
11_149_Hso_1_7_29_12         CATTCTTACAGAGAATTAACTTTAATTTATAATTTCTAA 
12_19_Hsa_1_9_27_12          CATTCTTACAGAGAGTTAACTTTAATTTATAATTTCTAA 
11_159_Wni_1_9_27_12         CACTCTTACAGAGAATTAACTTTAATTTATAATTTCTAA 
11_134_as_2_11_9_12          CACTCCTACAGAGAACTAACCTTAATTTATAATTTCTAA 
11_134_as_3_12_20_12         CACTCCTACAGAGAACTAACCTTAATTTATAATTTCTAA 
12_9_sp2_1_12_20_12A         CACTCTTATAGAGAATTAACTTTAATTTACAAATTCTAA 
12_9_sp2_2_12_20_12A         CACTCTTATAGAGAATTAACTTTAATTTACAAATTCTAA 
12_9_sp2_1_12_20_12B         CACTCTTATAGAGAATTAACTTTAATTTACAAATTCTAA 
12_9_sp2_2_12_20_12B         CACTCTTATAGAGAGTTAACTTTAATTTACAAATTCTAA 
Seira_dowlingi               CACTCATATAATGAACTTTCTTTAATATACACTTTCTAA 


























Morphological Character Matrix 
 
 
Alignment of 179 morphological characters for 21 species used for phylogenetic 
analyses. See Appendix C for character states. 
 
 
                          10        20        30        40        50        60        70        80          
                          .         .         .         .         .         .         .         .         . 
E assuta         011121111111011021020111111111101110011101010111000001000000000000011111000000010000010010 
E atrocincta     011100111111211211021111111010101111011101110111101001100001000111111111010111112002110211 
E bicolor        011121111111011111011111111010001011111111111111111111112211111111111220111111111100110010 
E bruneavillosa  011100111111111011111111111010021111111121111101111111111111101111111101010111111100110110 
E citrea         011121111111011001010111111111101110011101010111000001000000000000011111000000010000010010 
E clitellaria    011102111111111011011111111010121111111122111121121111111111101111111111010111111100110110 
E decemfasciata  011101111111211111011111111010112111111101111111111111111?111?1111111000111111111100110010 
E intermedia     011100111111111011012110111010101111111102110111101101100011001111111111010111110001110010 
E ligata         111100111111011011211111111010101111111102111101101121110021000111111111010111111000110110 
E multifasciata  011100111111011011012110111010101111111102110111121201100001000111111111010112112002110010 
E neotenica      011100111111011011011112121210100111111100110101101201100011000011111000010112111000210010 
E nivalis        011100111111211011012111111212110012111101010111121221110021001111111111010111110000110010 
E quadrilineata  011101111111011111011111111010121111111101011111111111111?111?1111111111111111111110110010 
E unostrigata    011100111111011011012111111010102111011102110111100001100001001111111111010111111000111111 
H sauteri        011100111111011011011111111010102111011111110111121111110012001111111111010111111100111110 
H socia          011101111111011111011111111010110011111111111111101111110010001111111000010111111000111110 
W buski          011100111111011001010111111000100110011101011101000001100001000011111111000000010001010010 
W nigromaculata  011100111111011001011111111000010100011101011101000001100000000011111100000000010001010010 
W n. sp. 1       011101111111011011000100111000100000000000000000000001000000000000001011000000000000010010 
S dowlingi       011111111111000001011110001000000010011101010111011111110010000011101000000100110000000000 
P violenta       111101111000000000000000000000000000000100000000000000000000000000000000000000000000000000 
 
 
                          100       110       120       130       140       150       160       170        
                          .         .         .         .         .         .         .         .          
E assuta         00001011010000000001000000000000100100010001010110100110011111100000000000000000011111100 
E atrocincta     21111111110000222000000112101012120100010011111110111110111111110000000000000000011111100 
E bicolor        11111111111100111101001111101111111112011101111111111111111111110001000000000000211111100 
E bruneavillosa  11111111111000111101001111111011112111210001111110111111011111110001000000000000011111100 
E citrea         00001011010000000001000000000001100100010001010110100110011111100000000000000000011111100 
E clitellaria    11111111111000211221001112101011110122210001111110111111011111110001000000000000011111100 
E decemfasciata  11111111101121111111211111111111111110211101111110111111111111110001100000100000111111100 
E intermedia     01111111000000011001000110101011100100010010011110111110111111110000000000000000011111100 
E ligata         11112111110000000001000110100012110100010000212110110111011011000001000000000000011111100 
E multifasciata  11111111110000011000000112101011100100010011111110111110111111110000000000000000011111100 
E neotenica      01110110000000000001000110100010100100010000010110110111011011000001000000000000011111100 
E nivalis        11121111010000211001001112101011110122010010211110110110111111110000000000000000011111100 
E quadrilineata  11111111011002111221001111111111111112011101111110111111111111110001100000000000111111100 
E unostrigata    11112111111100021021001110121011110112011110011110121112121111110000000000000000011111100 
H sauteri        11111111101101111011011110101011110112210011011110122111001111110001000000000000011111101 
H socia          11111111101100111011001110101111110110010011111110110110011011000001000000000000011111101 
W buski          01111111110000000000000110100010100100010001011110100111011111110001000000000000011111110 
W nigromaculata  01110111110000000001000000100010100100010001111110111111011111110001100000000000011111110 
W n. sp. 1       00010011110000000000000000100000100100010011011110110110001111110001000000000000011111110 
S dowlingi       01110111000000000000000111100010100100010000010110011111111111110001000000000000110111010 















Morphological Characters and States 
 
 
List of 179 morphological characters and their states used for phylogenetic analyses. 
See Appendix B for morphological character matrix. Characters 1-148 refer to presence or 
absence of dorsal macrosetae. 
 
1. Head A'0 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
2. Head An0 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
3. Head An1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
4. Head An2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
5. Head An3a3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
6. Head An3a2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
7. Head An3a 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
8. Head An3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
9. Head A0 
     0:  absent 
     1:  present 




10. Head A2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
11. Head A3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
12. Head A5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
13. Head A6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
14. Head M1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
15. Head M2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
16. Head M3i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
17. Head M3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
18. Head M4 
     0:  absent 
     1:  present 




19. Head S'0 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
20. Head S0 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
21. Head S1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
22. Head S2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
23. Head S3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
24. Head S4i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
25. Head S4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
26. Head S5i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
27. Head S5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
28. Head S6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
29. Head Ps2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
30. Head Ps3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
31. Head Ps5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
32. Head Pi1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
33. Head Pi2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
34. Head Pi3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
35. Head Pa1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
36. Head Pa2 
     0:  absent 
     1:  present 





37. Head Pa3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
38. Head Pa3' 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
39. Head Pa4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
40. Head Pa5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
41. Head Pm1i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
42. Head Pm1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
43. Head Pm2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
44. Head Pm3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
45. Head Pm4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
46. Head Pp1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
47. Head Pp2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
48. Head Pp3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
49. Th. 2 m1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
50. Th. 2 m1i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
51. Th. 2 m2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
52. Th. 2 m2i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
53. Th. 2 m2i2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
54. Th. 2 a5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
55. Th. 2 m4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
56. Th. 2 m4i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
57. Th. 2 m4i2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
58. Th. 2 m4i3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
59. Th. 2 m4p 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
60. Th. 2 m4pi 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
61. Th. 2 m4pi2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
62. Th. 2 m4pi3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
63. Th. 2 m5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
64. Th. 2 p1i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
65. Th. 2 p1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
66. Th. 2 p2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
67. Th. 2 p3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
68. Th. 2 p4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
69. Th. 2 p5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
70. Th. 2 p6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
71. Th. 2 p6ep 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
72. Th. 2 p6e 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
73. Th. 3 a1i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
74. Th. 3 a1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
75. Th. 3 a2i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
76. Th. 3 a2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
77. Th. 3 a3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
78. Th. 3 a4i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
79. Th. 3 a4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
80. Th. 3 a5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
81. Th. 3 a5e 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
82. Th. 3 a5e2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
83. Th. 3 a5e3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
84. Th. 3 m4 
     0:  absent 
     1:  present 





85. Th. 3 m5i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
86. Th. 3 m5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
87. Th. 3 m5p 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
88. Th. 3 a6i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
89. Th. 3 a6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
90. Th. 3 a7 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
91. Th. 3 p1i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
92. Th. 3 p1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
93. Th. 3 p2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
94. Th. 3 p3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
95. Th. 3 p4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
96. Th. 3 p5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
97. Th. 3 p6 
     0:  absent 
     1:  present 
     2:  polymorphic 
  
98. Th. 3 m6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
99. Th. 3 m6e 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
100. Th. 3 m7 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
101. Th. 3 m7i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
102. Th. 3 m7i2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
103. Abd. 1 a1i2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
104. Abd. 1 a1i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
105. Abd. 1 a1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
106. Abd. 1 a2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
107. Abd. 1 a3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
108. Abd. 1 m4i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
109. Abd. 1 a5i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
110. Abd. 1 a5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
111. Abd. 1 m2i3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
112. Abd. 1 m2i2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
113. Abd. 1 m2i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
114. Abd. 1 m2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
115. Abd. 1 m3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
116. Abd. 1 m4ip 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
117. Abd. 1 m4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
118. Abd. 1 m5i 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
119. Abd. 1 m5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
120. Abd. 1 m5e 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
121. Abd. 2 a2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
122. Abd. 2 a3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
123. Abd. 2 m3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
124. Abd. 2 m3ep 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
125. Abd. 2 m3ep2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
126. Abd. 2 m3e 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
127. Abd. 2 m3ea 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
128. Abd. 2 m3ei 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
129. Abd. 2 m3eai 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
130. Abd. 2 m5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
131. Abd. 2 p5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
132. A2 p6 
     0:  absent 
     1:  present 





133. Abd. 3 a1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
134. Abd. 3 a2 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
135. Abd. 3 a3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
136. Abd. 3 m3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
137. Abd. 3 am6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
138. Abd. 3 pm6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
139. Abd. 3 p6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
140. Abd. 3 p5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
141. Abd. 4 A6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
142. Abd. 4 A5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
143. Abd. 4 A4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
144. Abd. 4 B6 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
 
145. Abd. 4 B5 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
146. Abd. 4 B4 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
147. Abd. 4 B3 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
148. Abd. 4 C1 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
149. Eye well seta p 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
150. Eye well seta r 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
151. Eye well seta s 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
152. Eye well seta t 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
153. Eye well seta q 
     0:  absent 
     1:  present 
     2:  polymorphic 
 
154. Prelabral setae 
     0:  smooth 
     1:  ciliate 
 
155. Labrum basal setae 
     0:  smooth 
     1:  ciliate 
 
156. Labrum median setae 
     0:  smooth 
     1:  ciliate 
 
157. Labrum distal setae 
     0:  smooth 
     1:  ciliate 
 
 
158. Labral papilla 
     0:  multiple projections 
     1:  single projection 
     2:  smooth 
 
159. Labial appendage size 
     0:  sub equal to papilla 
     1:  longer than papilla 
 
160. Labium proximal x 
     0:  smooth 
     1:  ciliate 
 
161. Labium proximal y 
     0:  smooth 
     1:  ciliate 
 
162. Labium proximal z 
     0:  smooth 
     1:  ciliate 
 
163. Labium proximal c1 
     0:  smooth 
     1:  ciliate 
 
164. Labium proximal c2 
     0:  smooth 
     1:  ciliate 
 
165. Labial triangle a1i 
     0:  absent 
     1:  present 
 
166. Labial triangle a1 
     0:  smooth 
     1:  ciliate 
 
167. Labial triangle a2 
     0:  smooth 
     1:  ciliate 
 
168. Labial triangle a3 
     0:  smooth 
     1:  ciliate 
 
169. Labial triangle a4 
     0:  smooth 
     1:  ciliate 
 
170. Labial triangle a5 
     0:  smooth 
     1:  ciliate 
 
171. Labial triangle m1 
     0:  absent 
     1:  present 
 
172. Labial triangle m2 
     0:  smooth 
     1:  ciliate 
 
173. Labial triangle r1 
     0:  smooth 
     1:  ciliate 
 
174. Labial triangle e 
     0:  smooth 
     1:  ciliate 
 
175. Labial triangle L1 
     0:  smooth 
     1:  ciliate 
 
176. Labial triangle L2 
     0:  smooth 
     1:  ciliate 
 
177. Antennal bulb 
     0:  absent 
     1:  present 
 
178. Scales 
     0:  absent 
     1:  present 
 
179. Dental spines 
     0:  absent 
     1:  present 
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